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This thûGis describes fclîo development, from the early laboratory-test stagej 
o f the f i r s t  vaccina to be su ccessfu lly  used on a wide scale against a p arasitic  
helminth. The process u t i l i s e s  K -irradiation to attenuate the in fectiv e  larvae*
The work is  presented in four parts, followed by techn ical, bibliographical 
and tabular appendices. The f ir s t  part ie  a discussion on both p arasitic  to iun ity  
and the application of K -irradiation to hoIminths, The second part describes eit- 
perimouts designed to te s t  a vaccine against Plctyocaulus vivtoarus. The third  
part is  a quantitative and qualitative; study, o f Î), viviparus larvae under the re­
spective e ffe c ts  o f X -irradiation, antibody and diethy1-carbamasine. The fourth 
part concerns the testin g  of a vaccine against Haemonchus contortus.
Part I  contains a general introduction to p arasitic  iTciQunlty, with a b r ief  
, ind ication  o f the importance o f parasitism  in both animals and man. Tîile i s  followed 
by a description o f Î
(a) previous attempts by other workers to vaccinate against helminth diseases 5
(b) the background o f ^?ork behind the present method of vaccination.
Fart I ends with a review o f various applications o f K -irradlatlon to helminths.
Part XX ie  introduced by a small.experiment designed to te s t  the longevity of 
both f i r s t  and third stage larvae of B, viviparus under a wide range' o f laboratory ■ 
conditions,. A short description o f the parasite  is  Included, Tlien follow  the four 
expérimente which form the bulk of th is  part. These were designed to te s t  the 
effectiven ess of the D. viviparus vaccine in various combinations of dose against 
a challenge spectrimi ranging from a large sin g le  dose of in fective  larvae to a 
natural farmmpasture challenge. Approximately 1,250 calves were Involved in  those 
experiments,. .^
> P art-'ill vie mainly ''caïadernèd w ith ‘.histd-pathological and quantitative rassaBp- "v 
"monts Von  ^the d io tf ibutlon Ghd la t e vof irradiated, larvae, in. the iiormâl host and o%. ■ 
normal : larvae in  the immno host . This sforlt mode ô i  action
o f 'and the host-roattipn fq ; - the vacciné aRàinat IX wiviparU8..;lnseaXves> "y, I t  ' was -f/v: 
known that a doso oi irradiated 3arvao did not prouueo a population of adult worms 
in the bronchi, and th is  experiment showqd where the larvae wore ceasin, to develop.
V. The pathological; basih 'of. the transient \clihleal/lalgns': boiae.t:imosv neon : aftorc %;%. 
vadcinhtlon is-' .describedas'/% m llas - they corralatlon  of' lesions and: c l in ic a l  vsigns' . 
'observed.vln thevimiuhe:animi0ivwndery .heavy:vrhaiie$ige, V.-,?VV' ' .v'y"' v A. v / V
= The ■last/a^erimant-' in ■ th is  ■ p a r t. is-ya-. histopa.thological, e tudy of'..the" pulsiohary^ ■ 
-lésions produce cl by treating ca lv es, in the prepatent or patent ; stage of paras i t  ie  
bfonchitiS'^''..%'?ithV'diethyicarbamaginé/y_A 'inactivates "or; kiiisVvthe■ p a ra site , '
and the’-host "react ion to;'thé';;drug«disahlëdvwom‘'-is.intére to  , v
react ions 'Of' thé-Vnoymal-càlf.; Ihhg .i:o irradiated larvae of the immhne-calf lung ; 
to  normal 'larvae.,V'' Tlie'-'.lesions in the calves treated at patency were correlated with 
the .c lin ica l signs.-somefcimcs.'seen ■following such trea'tmenfc
':vPart'- IV. The .preyious ■ parts : dealt' 'with; the ,a.uccessful.''application' y'of ; thC',:.' ■'■ : 
■larval’ irràdlaLloh/iiQchniqué.vi:o' a;■paras'itevwith an. ex tem iv e■ migratory.'cycle,.:. it.:; V;' 
was thought that'"this mm:thod';.might'be ic s sy é  parasites" which: undërgo,
only a liinited histotrophlc phasç # such as:' spme of the gastro-in te s tina 1 nematodes. 
Thé; éxperimehta _■ in ■ t h i s ’.part,l'indlcated that: 'a.^servicable'' degree, o f immunity could / v ' V  
be induced in; sheep against ilaemonohus contortiis. v ''■ '■■■'
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IV.
PHEFAOE,
T ills t h e s i s  d e s c r ib e s  th e  developm ent, from  th e  e a r ly  
l a b o r a t o r y - t e s t  s ta g e  to  th e  p o in t  o f  wide s c a le  a p p l i c a t io n  
i n  th e  f i e l d ,  of th e  f i r s t  v a c c in e  to  be u sed  a g a in s t  a  p a r a s i t i c  
h e lm in th . The p a r a s i t e  i s  B io ty o e a u lu s  v iv ip a r u s . th e  cau se  o f  
b ov ine  p a r a s i t i c  b r o n c h i t i s ,  and th e  v a c c in a t in g  process in v o lv e s  
th e  u se  o f  i n f e c t i v e  l a r v a e ,  p a r t i a l l y  in a c t i v a te d  by exposure  
to  X-irradiation*
The t h e s i s  a ls o  d e s c r ib e s  i n  d e t a i l  th e  f a t e  i n  th e  bov ine  
o f  th e  a t te n u a te d  l a r v a e ,  and d e s c r ib e s  the host r e a c t io n  to  them . 
The sequence o f  p a th o lo g ic a l  e v e n ts  i n  immune animals subjected to 
c h a lle n g e  w ith  norm al i n f e c t i v e  la r v a e  i s  g iv e n . Due to  th e  
similarity o f  th e s e  r e a c t io n s  to  th o se  w hich o c c u r  when norm al 
l a r v a e  o f  t h i s  p a r a s i t e  a r e  a r r e s t e d  i n  th e  lu n g s  by use o f  
d ie th y lc a rb a m a z in e , an  ex p erim en t i s  in c lu d e d  i n  w hich t h i s  d ru g  
was u se d  i n  b o th  th e  p r e p a te n t  and p a te n t  s ta g e s  o f  p a r a s i t i c  
b r o n c h i t i s .
T h is  i e  fo llo w e d  by a  d e s c r ip t io n  o f  e x p e rim en ts  in which 
th e  same te c h n iq u e  o f  im m u n isa tio n  was a p p l ie d  to  Haemonchus 
c o n to r tu s  i n  sh e ep . T h is  p a r a s i t e ,  i n  c o n t r a s t  to  D. viviparus, 
h as  a  m inim al m ig ra to ry  c y c le  i n  th e  h o s t ,  b u t a  p o t e n t i a l l y  
u s e f u l  iim nunity was n e v e r th e le s s  e l i c i t e d .
The work i s  p re s e n te d  i n  fo u r  p a r t s ,  w ith  technical, 
b ib l io g r a p h ic a l  and t a b u la r  a p p e n d ic e s .
P a r t  I  contains a  g e n e ra l  in t r o d u c t io n  to  parasitic im m unity, 
p ro ceed ed  by a  b r i e f  in d ic a t io n  o f  th e  g lo b a l  im p o rta n ce  o f  
p a r a s i t i c  d is e a s e  i n  b o th  an im a ls  and man.
T hle  i s  fo llo w ed  by a  more s p e c i f i c  d e s c r ip t io n  o f ; -
(a )  p re v io u s  a t te m p ts  by o th e r  w orkers to  v a c c in a te  
a g a in s t  h e lm in th  d i s e a s e s |
(b ) th e  background  o f  work b eh in d  th e  o r i g i n a l  id e a  
o f  v a c c in a t io n ,  in c lu d in g  o th e r  m ethods o f  
in d u c in g  a c t iv e  and p a s s iv e  im m unity.
P a r t  I  ends w ith  a  re v ie w  o f  th e  p re v io u s  a p p l i c a t i o n  o f
X - i r r a d i a t i o n  to  h e lm in th s  by o th e r  w o rk e rs .
'
3?art II i s  in tro d u c e d  by a  sm a ll ex p erim en t d e s ig n e d  to  
t e s t  th e  lo n g e v i ty  o f  b o th  f i r s t  and t h i r d  s ta g e  l a r v a e  o f  
Dé y i y i p a ru s  u n d e r  a  w ide ran g e  o f  la b o r a to r y  c o n d i t io n s .  A 
s h o r t  m o rp h o lo g ic a l d e s c r ip t io n  o f  th e  p a r a s i t e  i s  in c lu d e d .
Then fo llo w  th e  f o u r  ex p e rim en ts  w hich form  th e  b u lk  o f  t h i s  
s e c t io n .  These w ere d e s ig n e d  to  t è s t  th e  e f f i c a c y  o f  th e  
D. v iv in a r u B .v ac c in e  i n  v a r io u s  co m b in a tio n s  o f  dose a g a in s t  
a  c h a lle n g e  sp ec tru m  ra n g in g  from  an  a r t i f i c i a l ,  and r e l a t i v e l y  
l a r g e  single dose o f  f u l l y  v i r u l e n t  la r v a e  to  a  c o m p le te ly  
natural farm  p a s tu r e  c h a l le n g e . A3.to g e th e r ,  a p p ro x im a te ly  1,250 
c a lv e s  were in v o lv e d  i n  th e s e  e x p e rim e n ts .
P a r t  I I I  XB maih3.y co n cern ed  w ith  h i e t c - p a th o l o g ic a l  and 
q u a n t i t a t i v e  a s se s sm e n ts  a s  to  th e  d i s t r i b u t i o n  mid f a t e  o f  
i r r a d i a t e d  la r v a e  i n  th e  norm al h o s t  .and o f  norm al l a r v a e  i n  th e  
iîrumne h o s t .  T h is  work was done to  s tu d y  th e  mode o f  a c t io n  of, 
and th e  h o s t ' s  r e a c t io n  t o ,  th e  v a c c in e  a g a in s t  B. v iv ip e x u o  i n
i
c a lv e s .  I t  was knm m  t h a t  a  dose o f  i r r a d i a t e d  l a r v a e  d id  n o t 
p roduce a  popu3 .ation  o f  a d u l t  worms i n  the b ro n c h i ,  and t h i s  
ex p e rim en t showed where th e  la r v a e  were c e a s in g  to  deve3.op.
Vi.
The p a th o lo g ic a l  b a e is  o f  th e  tr a m a ie n t c l i n i c a l  a lg n a  
som etim ea se en  a f t e r  v a c c in a t io n  i s  d e s c r ib e d , aa  w e ll  a s  
th e  c o r r e l a t i o n  o f  l e s io n s  and c l i n i c a l  s ig n s  o b se rv ed  i n  th e  
immune an im al u n d e r  heavy  c h a lle n g e . The l a s t  ex p e rim en t i n  
t h i s  p a r t  i s  a  h i s t o - p a th o lo g ic a l  s tu d y  o f  th e  pulmonary 
l e s io n s  produced  by t r e a t i n g  c a lv e s ,  i n  th e  p r e p a te n t  o r  
p a te n t  s ta g e  o f  p a r a s i t i c  b r o n c h i t i s ,  w ith  d ie th y lc a rb a m a z in e . 
T h is  d rug  h a s  th e  e f f e c t  o f  k i l l i n g  o r  s e v e re ly  i n a c t i v a t i n g  
th e  p a r a s i t e , and th e  h o s t 's  r e a c t io n  to  th e  d ru g -d is a b le d  
worm is i n t e r e s t i n g l y  s im i la r  to  th e  r e a c t io n s  o f  the normal- 
c a l f  lu n g  to  i r r a d i a t e d  la r v a e  and o f  th e  imimme-ca-lf lu n g  to  
norm al l a r v a e .  The l e s io n s  i n  th e  c a lv e s  t r e a t e d  a t  p a ten cy  
were c o r r e l a t e d  w ith  th e  c l i n i c a l  s ig n s  som etim es seen  fo llo w in g  
such  t r e a tm e n t .
P a r t  IV. The p re v io u s  s e c t io n s  d e a l t  w ith  th e  s u c c e s s fu l  
a p p l ic a t io n  o f  th e  l a r v a l  i r r a d i a t i o n  te c h n iq u e  to  a  p a r a s i t e  
w ith  an  e x te n s iv e  sy s te m ic  m ig ra to ry  c y c le .  I t  was th o u g h t 
t h a t  t h i s  m ethod m igh t be l e s s  e f f e c t i v e  i n  p a r a s i t e s  w hich 
undergo o n ly  a  l im i t e d  h l s t o t r o p h i c  phase -  su ch  a s  some o f 
th e  g a s t r o - i n t e s t i n a l  nem atodes* The ex p e rim en ts  i n  t h i s  s e c t io n  
were p erfo rm ed  to  f in d  i f  r e s i s t a n c e  o f  sheep  to  Haemonchus 
c o n to r tu s  co u ld  be in d u ced .
The ex p e rim e n ts  d e s c r ib e d  were done by one téaja  o f  w o rk e rs .
I  c a r r i e d  o u t th e  p a r a s i t o l o g i c a l  te c h n iq u e s  in v o lv e d , su p e rv is e d  
th e  g e n e ra l  ru n n in g  o f  th e  ex p e rim en ts  and u n d e rto o k  th e  irradiation 
of l a r v a e .  I  c o -o p e ra te d  w ith  D r. J a r r e t t  i n  th e  p a th o lo g ic a l  
a s p e c ts  o f  th e  work.
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GENERAL INTRODUOTION,
B efo re  c o n s id e r in g  th e  g e n e ra l  f i e l d  o f  Imimm ity to  
p a r a s i t e s  i t  I s  w o rth  s t a t i n g  some f a c t s  ab o u t p a r a s i t i c  
d is e a s e  a s  a  w hole, i n  o rd e r  to  o u t l i n e  the problem # I t  
i s  now w id e ly  a c c e p te d  t h a t  by A.D. 2 ,000  th e  w o r ld 's  human 
population w i l l  have d o u b le d . I t  is a ls o  a c c e p te d  that 
th e  g r e a t e r  p r o p o r t io n  o f  b o th  humans and an im a ls  i n  l e s s  
d ev e lo p ed  c o u n t r i e s ,  s u f f e r s  from  hunger and m a ln u t r i t io n .
In  p a r t i c u l a r ,  th e  human consum ption  o f  l i v e s to c k  and l i v e ­
s to c k  p ro d u c ts  is extremely lo w , thus th e  ten d en cy  i s  f o r  
th e  food  consumed to  be q u a l i t a t i v e l y  poo r a s  w e ll  a s  lo w er 
i n  q u a n t i ty ,
I n  1947, S t o l l  p u b lis h e d  a  t a b l e  l i s t i n g  th e  in c id e n c e  
o f  human i n f e c t i o n  o f  th e  25 m a jo r human p a r a s i t e s  i n  th e  
e ig h t  m ain g e o g ra p h ic a l  d iv i s io n s  o f  th e  w o rld .
He e s t im a te d  t h a t  o v e r 1 ,0 0 0  m i l l io n  p e o p le  w ere in f e c te d  
w ith  e i t h e r  ( o r  b o th )  A s c a r is  lu m b ric o id e a  o r  hookworm s p p , ,  
two o f  th e  m ost p r e v a le n t  nem atode p a r a s i t e s  o f  man. More 
r e c e n t ly  (1957) he c o n s id e re d  t h a t ,  w ith  minor e x c e p t io n s ,  
p a r a s i t i c  worms a r e  a s  num erous a s  e v e r .
The problem  o f  p a r a s i t i s m  in  th e  human i s  one main3.y o f  
u n d e r-d ev e lo p ed  c o u n t r i e s ,  b u t th e  i n i t i a l  s te p s  to w ard s a  
h i # i e r  l i v i n g  s ta n d a rd  i n  the form  o f  i r r i g a t i o n  p r o j e c t s
2 .
may le a d  to  a  x-rorsening o f  th e  s i t u a t i o n  a s  d id  happen  
i n  th e  Asxmn p ro v in c e  o f  B ^ p t ,  th e  B e lg ia n  Congo and 
i n  S o u th ern  R hodesia* In  th e s e  a r e a s  th e  in c id e n c e  o f  
B i lh a r z i a s i a  r o s e  to  betw een 10 and 40 tim e s  th e  p re v io u s  
l e v e l s  a f t e r  th e  e s ta b lis h m e n t o r  e x te n s io n  o f  such  i r r i ­
g a t io n  schem es; t h i s  was due to  th e  v a s t  in c r e a s e  i n  th e  
num bers o f  w a te r  s n a i l s  w hich a r e  th e  r e le v a n t  in te rm e d ia te  
h o s t s ,  Vfright (1951) and V ogel (1958) a l s o  g iv e  heavy  
em phasis to  p a r a s i t i s m  a s  a  w orld  problem*
S im i la r ly ,  on th e  v e t e r in a r y  s id e ,  advances i n  a g r a r ia n  
te c h n iq u e s ,  le a d in g  t o  g r e a t ly  in c re a s e d  c o n c e n tr a t io n s  o f  
s to c k  on p a s tu r e s ,  have f a c i l i t a t e d  th e  sp rea d  o f  p a r a s i t i s m ,  
th u s  re d u c in g  p ro d u c tio n  o f  m ilk , m eat and wool and c a u s in g  
s e r io u s  f i n a n c i a l  l o s s ;  i n  A m erica t h i s  h a s  been  e s tim a te d  
a t  ÿ 227 m i l l io n  p e r  annum and a lth o u g h  th e  p r e s e n t  a u th o r  
h a s  n o t se en  a  s im i l a r  e s t im a te  f o r  t h i s  c o u n try  Spedding 
(1956) i n d i c a t e s  t h a t  i t  i s  ' s u b s t a n t i a l ' .  He h a s  shovm 
(1957 a ,b )  t h a t  w hat a r e  c o n s id e r e d .a s  s u b - c l i n i c a l  h e lm in th  
bu rd en s i n  sheep  may be r e s p o n s ib le  f o r  up to  30# r e d u c t io n  
i n  l i v e w e i ^ t  g a in ,  w ith  f u r t h e r  d e l e t e r io u s  e f f e c t s  p r e s e n t  
i n  th e  lam bs o f  p a r a s i t i s e d ,  a s  opposed to  n o rm a l, ewes* One 
can n o t b u t be im p ressed  by th e  s ta te m e n t o f  ac co u n t o f  p a r a s i t ­
i c  h e lm in th  d i s e a s e s  i n  th e  Animal H e a lth  Y earbook o f  F .A .O , 
(1958)# I n  a lm o s t a l l  c o u n t r ie s  o f  th e  w orld  g a s t r o - i n t e s t i n a l  
n e m a to d ia s is ,  i n t e s t i n a l  t a o n ia o i s ,  f a s c i o l i a s i s  and p a r a s i t i c  
b r o n c h i t i s  a r e  s t a t e d  to  be 'w id e -s p re a d  th ro u g h o u t th e  coun try ',
M edical S c ien ce  i s  som etim es accu sed  o f  b e in g  b lin d e d  
by s e l f  m o tiv a t io n  i n  t h a t  i t  c o n s ta n t ly  a t te m p ts  to  lo w er 
i n f a n t  m o r ta l i t y  and to  in c r e a s e  lo n g e v i ty  i n  u n d e r-d e v e lo p ed  
a r e a s ,  w ith o u t c o n s id e r in g  th e  a l t e r e d  n u t r i t i o n a l  re q u ire m e n ts  
o f  such  com m unities . Human p a r a s i t i c  d is e a s e  i s  p e rh a p s  u n ique  
i n  t h a t  ' e f f i c i e n t '  p a r a s i t e s  te n d  to  have a  r e l a t i v e l y  h ig h  
m o rb id ity  b u t  a  low  m o r ta l i ty  r a t e ;  t h e i r  h o s t s  a r e  f a r  l e s s  
c a p a b le  o f  work a l th o u g h  th e y  r e q u i r e  th e  same amount o f  food  ■ 
o r  p o s s ib ly  m ore, due to  s e l e c t i v e  re q u ire m e n ts  on th e  p a r t  o f  
th e  p a r a s i t e .
I t  i s  th u s  e v id e n t  t h a t  e l im in a t io n  o f  human and an im al 
p a r a s i t i s m  would n o t  m ere ly  s h i f t  a  problem  from  one b ran ch  
o f  s c ie n c e  to  a n o th e r  b u t xmuld be a  v a l i d  c o n t r ib u t io n  to  
w orld  h e a l th .
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P a r a s i t i c  Immunity
H elm inth  p a r a s i t e s ,  b ecau se  o f  t h e i r  v i s i b i l i t y  to  
th e  naked e y e , were th e  e a r l i e s t  p a th o g e n ic  a g e n ts  of man 
and an im a ls  to  be r e c o g n is e d . Y et l i t t l e  a t t e n t i o n  h a s  
b een  p a id ,  u n t i l  c o m jia ra tiv e ly  r e c e n t ly ,  and w ith  th e  e x c e p t­
io n  o f  some in d iv id u a l  s c i e n t i s t s ,  to  th e  p r a c t i c a l  a s p e c ts  
o f  t h e i r  e l i ia in a t io n  by im m unolog ical methods*
P a r t l y ,  t h i s  h a s  been due to  th e  c o n c e n tr a t io n  o f  e f f o r t  
among p a r a s i t o l o g i s t s  on m orphology, ta%;onomy and l i f e  c y c le s  
w ith  c o m p a ra tiv e ly  l i t t l e  em phasis on e i t h e r  th e  p a th o g e n e s is  
o r  iiM iunology o f  th e  r e l a t i v e l y  few a p e c ie e  o f  m e d ica l o r  
v e t e r in a r y  im portance*
Im m unisa tion  i n  p ro to z o a n  p a r a s i to lo g y  a p p a re n t ly  began 
i n  a n c ie n t  tim e s  i n  th e  m id d le  E ast*  T h e re , i t  was th e  
p r a c t i c e  to  imm unise c h i ld r e n  a g a in s t  L olshm anla t r o o i c a  by 
ru b b in g  o n to  th e  s c a r i f i e d  s k in  i n  an  unexposed p a r t  o f  th e  
body th e  ex u d a te  from  an  a c t iv e  s o re  o f  an  in f e c te d  person*
N a tu ra l  im m unity i n  th e  f i e l d  o f  v e t e r in a r y  p ro to zo o lo g y  
was o b se rv ed  i n  1893 by Bmith and E e lb o u rn e , who found  t h a t  
c a t t l e  r e c o v e r in g  from  Texas F e v e r , caused  by B a b es ia  bii^^emina* 
w ere r e s i s t a n t  to  f u r t h e r  a t ta c k *
The f i r s t  re c o rd e d  in s ta n c e  o f  e x p e r im e n ta lly  a c q u ire d  
im m unity to  a  h e lm in th  p a r a s i t e  i s  by F ujinam a (1916)*
5.'
He p ro v id e d  e v id e n c e , c o n c lu d in g  w ith  p o s t  m orterns, t h a t  
th e  h o rs e  co u ld  a c q u ire  im m unity to  S ch isto so m a jauon lcum *
T hat more and more xm rkers a r e  tu r n in g  t h e i r  a t t e n t i o n  
to  p a r a s i t i c  im m unity i s  con firm ed  by th e  f a c t  t h a t  sev en  
rev ie w s have ap p ea red  i n  th e  l a s t  5 y e a r s  ( S t o l l  1958;
S ou lshy  1957# 1958 1960# 1961; S tew art I9 6 0 ; U rq u h a r t#J a r r e t t  
& M u llig an  1962) , w hereas th e  p re v io u s  30 y e a r s  p roduced  o n ly  
th r e e  ( T a l i a f e r r o  1929# 1948; C u lb e r tso n  1 9 4 1 ). T hese rev iew s 
g iv e  th e  g e n e ra l  s i t u a t i o n  to  d a te  and a re  n o t summarised h e ro .
D. v iv ip a r u s  i s  th e  p a r a s i t e  f o r  xfhich a  vaccin©  
u t i l i s i n g  X -ray  in a c t i v a te d  la r v a e  was dev e lo p ed  a t  Glasgow. 
B efo re  d e s c r ib in g  th e  s ta g e s  le a d in g  to  t h a t  developm ent i t  
i s  w orth  d e s c r ib in g  th e  l i f e  c y c le  o f  th e  p a r a s i t e  and th e  
p a th o g e n e s is  o f  i t s  a s s o c ia te d  d is e a s e ,  p a r a s i t i c  b r o n c h i t i s ,  
o r  'h u s k ' . The l i f e  c y c le  o f  D. v iv ip a ru .s  i s  c o m p a ra tiv e ly  
s im p le  i n  t h a t  no in te rm e d ia te  h o s t  i s  in v o lv e d  and i t  i s  
b e e t  i l l u s t r a t e d  d ia g ra rm t 1 e a l l y .
Adu3.t p a r a s i t é e
b re a k  o u t o f  c a p i l l a r i e s  
i n  a lv e o la r  w a ll  and mi­
g r a te  up b ro n c h ia l  t r e e
re a c h  pulm onary c a p i l l a r i e s  
v i a  c i r c u l a t i o n
e n te r  a  v i l l a r  v e in  o r  
p o s s ib ly  a  ly m p h a tic
p e n e t r a te  i n t e s t i n a l  mucosa
i n  b ro n c h i
p roduce  l a r v a e  which a r e  
coughed up and sw allow ed
pass#  a s  f i r s t  s ta g e  l a r v a e ,  
i n  th e  f a e c e s  o n to  th e  g ra s s  
w here th e y  com plete  d ev e lo p ­
ment to  i n f e c t i v e  t h i r d  s ta g e  
l a r v a e  i n  ap p ro x im a te ly  e ig h t  
days
a re  in g e s te d  by g ra z in g  
c a l f
p a s s  to  i n t e s t i n e  e x s h e a th in g  
on th e  way
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The d e f i n i t i v e  s i t e  o f  th e  a d u l t  p a r a s i t e  i s  i n  
th e  m ain and seg m en ta l b ro n c h i and th e  p a th o g e n ic  e f f e c t s  
a r e  c o n fin e d  to  th e  lu n g s . These e f f e c t s  a r e  com plex an.d i t  
i s  u s e f u l  a t  t h i s  p o in t  to  c o n s id e r  i n  m odera te  d e t a i l  th e  
d is e a s e  p ro c e s s .  T h is  i s  r e le v a n t  f o r  two r e a s o n s : -
1 ) To p ro v id e  a  p o in t  o f  r e f e r e n c e  f o r  th e  d e t a i l e d  
d e s c r ip t io n  o f  th e  mode o f  a c t io n  o f ,  and h o s t  r e a c t io n  to  
th e  v a c c in e , w hich fo llo w s  i n  p a r t  I I I .
2) To i l l u s t r a t e  th e  f a c t  t h a t  once c a lv e s  a r e  show ing 
c l i n i c a l  s ig n s  o f  p a r a s i t i c  b ro n c h it is ^ :  i t  i s  u s u a l ly  to o  l a t e  
to  i n s t i t u t e  e f f e c t i v e  t r e a tm e n t .  T h is  u n d e r l in e s  th e  obv ious 
ad v an tag e  t h a t  e x i s t s  i n  p re v e n t in g  t h i s  f r e q u e n t ly  f a t a l  d is e a s e .
As d e s c r ib e d  b e fo r e ,  ( J a r r e t t ,  J e n n in g s , M cIn ty re ,
M u llig an , Sharp and Ü rq u h a rt I9 6 0 ) th e  u n co m p lica ted  d is e a s e  
d iv id e s  i t s e l f  q u i t e  r e a d i ly  in to  fo u r  s t a g e s : -
1 ) P e n e t r a t io n  by th e  la r v a e  th ro u g h  th e  i n t e s t i n a l  
mucosa and t h e i r  su b seq u en t m ig ra t io n  to  th e  lu n g s .
T h is  p hase  i s  com pleted  w ith in  days one to  seven*
2) P re p a te n t  s t a g e .  T h is  o c c u p ie s  days seven  to  29 and 
i s  th e  p e r io d  d u r in g  w hich th e  p a r a s i t e  i s  m ig ra t in g  
w ith in  th e  lu n g  to  i t s  d e f i n i t i v e  s i t e *
9 ) P a te n t  s ta g e .  T h is ,  by d e f i n i t i o n ,  i s  th e  tim e from  
th e  2 5 th  to  th e  5 5 th  day , a p p ro x im a te ly , when th e  worms 
a r e  m atu re  and p ro d u c in g  l a r v a e .
4) P o s t - p a te n t  s t a g e .  The f i n a l  p e r io d ,  from  th e  5 5 th  to  
th e  7 0 th  d ay , a t  th e  end o f  th e  d is e a s e  when th e r e  may 
be a  f l a r e - u p  o f  sevex^e pulm onary symptoms.
7 .
X* The penetration phase Is of comparatively little 
clinical or pathological Importance In the fully sue- 
oeptible host. The aechanlam=of penetration would no 
doubt be of considerable interest and the probable 
importance of this site in the iimiune animal is intrigidnig. 
However, when one consider# thè enormouB maoe of the 
I ihteatlhàll tract of a calf compared to ae many as a 
million larvae, one can appreciate the difficulties of 
finding even one lesion in hundreds of sections* The 
experimental cost/Importmioc of result ratio is too high 
to give thlB aspect any priority although It woirld be 
satisfying to elucidate.
2# The P rc n a te n t  Phase i s  very Important clinically. The 
main u n d e r ly in g  l e s i o n  l a  blockage of sm a ll b ro n c h i and 
b r o n c h io le s  by the eoeinaph iX  exudate produced  i n  re sp o n se  
to the sm a ll d e v e lo p in g  l a r v a e  m ig ra t in g  up th e  bronchi. I t  
i s  important to  r e a l i s e  th e  d i f f e r e n c e  betw een this l e s io n  
and th e  pneum onia produced later by a d u l t  worms. The blocked 
b ro n c h i a r e  n o t permanently damaged b |i t  th e  obstruction to  a i r  
passing in, r e s u l t s  i n  collapse of th e  a l v e o l i  d i s t a l  to  th e  
block; a s  the a i r  i n  th e s e  a l v e o l i  i s  absorbed into th e  b lood  
and as no more takes its place, the alveoli collapse and are 
lost a s  functioning u n i t e .  If the b lo ck ag e  is removed, th e s e  
eX voo li can  r e t u r n  q u ie k ly  to normal function.
8 .
The c l i n i c a l  p i c tu r e  depends on th e  s i^ e  o f  th e  
i n f e c t i n g  dose  a s  t h i s  determines th e  e x te n t  o f  b ro n c h ia l  
invo],V0ment and th e  speed  o f  developm ent o f  th e  s e v e re ly  
i l l  case* Jn hea.vy i n f e c t i o n s ,  th e r e  is o f te n  a  d ra m a tic  
change i n  th e  c l i n i c a l  s ig n s  tow ards the end o f  th e  second 
week; i n  th e  c o u rse  o f  f o u r  o r  f iv e  days th e  r e s p i r a t o r y  
r a t e  d o u b le s , re a c h in g  70-80 p e r  m inu te  and cough ing  becomes 
marked. Towards th e  end o f  th e  third week, a s  th e  primary 
b ro n c h ia l  l e s i o n s  r e g r e s s ,  th e r e  i s  o f te n  a  n o t ic e a b le  
d e c e le r a t io n  i n  th e  p ro g re s s  o f  th e  d is e a s e ,  a l th o u g h  th e  
animals a r e  s t i l l  i l l  and d e t e r i o r a t i o n  i n  c o n d i t io n  c o n tin u e s .
I n  th e  t h i r d  week, d e a th  may o ccu r i n  h e a v i ly  in f e c te d  
anima3,e; t h i s  i s  u s u a l ly  a s s o c ia te d  w ith  th e  developm ent o f  
a c u te  c o m p lic a tio n s*  ( s e e  below  ^  c o m p lic a t io n s ) .
I f  an  animal i s  a u to p s ie d  i n  th e  p r e p a te n t  p h a s e , worms 
may n o t  be seen; in th e  l a t e r  p hase  th e y  a r e  v i s i b l e ,  b u t 
m ic ro sc o p ic  e x a m in a tio n  by d i r e c t  smear o f  b ro n c h ia l  mucus is 
n e c e s s a ry  if th e y  a r e  to  be found  d u r in g  th e  second  and e a r ly  
t h i r d  w eeks. Many a c u te  pneum onias a r e  n o t d iag n o sed  a s  husk  
b ecau se  o f  t h i s  f a c t*
"5. The P a te n t  Phase is a s s o c ia te d  w ith  th e  p re se n c e  o f  a d u l t s  
i n  th e  b ro n c h i ,  and  w h ile  th e s e  cau se  much e x u d a tio n  i n t o ,  and 
b lo c k in g  o f ,  a i r  p a s s a g e s , a  g r e a t  d e a l  o f  th e  c l i n i c a l  e f f e c t  
i s  cau sed  by th e  prima3:y p a r a s i t i c  pneum onia in w hich macro­
p h ag es end g ia n t  c e l l s  e n g u lf in g  a s p i r a te d  eggs and newly 
h a tc h e d  l a r v a e ,  c o n s o l id a te  th e  lu n g  lo b u le s#  In  moat c a se s  
i t  i s  t h i s  pneum onia and n o t  seco n d ary  bactcx’ie tl  c o m p lic a tio n s  
w hich n ro d u ces  th e  t y p i c a l  p i c tu r e  a t  au to p ay .
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The r e s p i r a t o r y  r a t e  may become f a s t e r  th a n  th e  pu]_se 
r a t e ,  r i s i n g  to  o v e r 100 p e r  m in u te , coughing becomes more 
f r e q u e n t ,  a p p e t i t e  i s  l o s t  and grow th ceases. On a u sc u ] ,t-  
a t io n  h a rs h  b ro n c h ia l  b r e a th in g  i s  e v id e n t and t h i s  may be 
augm ented by emphysematous crackling o r  f l u i d  sounds a s  
c o m p lic a tio n s  su pervene  i n  s e r io u s  e a s e s .  D eh y d ra tio n  may 
become v e ry  m arked. D uring  t h i s  p e r io d  many an im a ls  d ie ;  
i n  th e  s u rv iv o r s  th e r e  i s  a  slow  r e g r e s s io n  o f  symptoms a f t e r  
th e  f i f t h  week.
D uring t h i s  c e n t r a l  s ta g e  o f  th e  d is e a s e  th e  a d u l t  worms 
a r e  la y in g  eggs w hich h a tc h  i n  th e  lu n g s  o r  i n t e s t i n e  and may 
be d e te c te d  i n  f a e c e s  a s  l a r v a e .  Counts u s u a l ly  ran g e  from  
100 to  500 p e r  gram b u t h ig h e r  l e v e l s  a r e  n o t in f r e q u e n t .  .At 
au to p sy  th e  a d u l t  worms a re  e a s i l y  seen  i n  th e  t r a c h e a  and 
b ro n c h i and ran g e  i n  mmiber from  a  few hundred  to  s e v e r a l  
thousand*
4» The P o s td a te n t  P h a se . In  t h i s  phase th e  m a jo r i ty  o f  anima].s 
g ra d u a l ly  r e c o v e r ;  th e  r e s p i r a t o r y  r a t e  s t e a d i l y  d e c re a s e s ,  
coughing  le s s e n s  and w eigh t in c re a s e  i s  resum ed. Complete 
re c o v e ry , how ever, i s  a p p a re n t o n ly  a f t e r  a  la p s e  o f  s e v e ra l  
m onths•
In  ap p ro x im a te ly  a  q u a r te r  o f  th o se  an im a ls  w hich were 
s e v e re ly  a f f e c te d  e a r l i e r  th e  p o s tp a te n t  phase i s  d i f f e r e n t  
from  th e  above and i s  c h a r a c te r i s e d  by a  sudden e x a c e rb a tio n  
o f  dyspnoea, d u r in g  th e  se v en th  o r  e ig h th  w eeks, w hich i s  
o f te n  f a t a l .
1 0 .
T his i s  caused  by th e  sp rea d  o f  a  l e s io n  th e  a e t io lo g y  o f  
which i s  n o t known a t  p re se n t#  D uring th e  p a te n t  p h a s e , many 
a l v e o l i  shoxT a  s w e ll in g  and p r o l i f e r a t i o n  o f  t h e i r  e p ith e l iu m  
so t h a t  in s te a d  o f  a  th in  membrane, e a s i ly  perm eab le  to  g a s e s , 
a  th ic k e n e d  g la n d - l ik e  w a ll develops#  In  th e  p o s tp a te n t  p h ase , 
t h i s  a lv e o la r  e p i t h e l i a l l s a t i o n  sp rea d s  to  in v o lv e  whole lo b e s .  
T h is  p r o l i f e r a t i v e  pneum onia h a s  s e r io u s  c l i n i c a l  consequences 
and by th e  tim e i t  h a s  become w id esp read , a l l ,  o r ,a lm o s t  a l l ,  
o f  th e  worms have been  shed from  th e  lu n g s ,  bq th e  f in d in g s  
a t  au to p sy  a re  n o t th o se  a s s o c ia te d  w ith  p a te n t  p a r a s i t i c  
b r o n c h i t i s .  iVt p o s t  mortem one f in d s  la r g e  a r e a s  o f  re d  o r  
p in k  ru b b e ry  lu n g  w hich a re  n o t f r i a b l e  mid c o n s o l id a te d , and 
which on p a lp a t io n  s t i l l  show some c r e p i ta n c e .
R B im o T io if  miENomBm
A s e c t io n  o f  P a r t  I I I  i s  devo ted  to  th e  e x p e rim e n ta l 
e lu c id a t io n  o f  th e  lu n g  r e a c t io n  to  r e in f e c t io n ,  b u t f o r  
co m p le ten ess  an  a n t i c i p a to r y  p a rag rap h  i s  g iv e n  h e r e .
Anim als which have become immune to  D. v lv ip a in is  may 
show symptoms a f t e r  r e in f e c t io n ;  th e  m agnitude o f  th e s e  
v a r i e s  w ith  th e  numbers o f  lEirvao in g e s te d .  When th e s e  la rv a e  
p e n e t r a te  in to  th e  body, a  n unber may re a c h  th e  lu n g s  and be 
k i l l e d  i n  sm a ll b%*onohioles; th e s e  dead la r v a e  cau se  q u i te  
£i marked r e a c t io n  and i f  th e r e  a r e  many o f  them , an obv ious 
and som etim es even f a t a l  c l i n i c a l  c o n d i tio n  r e s u l- ts .
1 1 .  ,
Tho dead larvae cause a proliferation of opxtlioXim and 
the development of fibrous mal lymphoid modules aromid 
the air paeeegoe. tfmially., however, only mild ooughln^
Is  omieod# the Ica lon  rooolveo qulo3dly and the animal 
reimrng to normal In a short time. This prooess may be 
Boem %ûiOïï vaccinated aniraele are first exposed to heavy 
Infection. It ie also frequently rjoen in but breaks in adult 
c a tt le  whore, prasiimably, temmlty hao warned and a moderately 
large mmbor o f larvae reach the Imigs before being killed.
This may produoe the sufMoii, onsot of severe and persistent 
eonghiBg in a whole herd of adults trlth a number showing 
signs of severe pneumonia# Watwally larvae are not found 
In the faeeoe of these eases, although all of the other 
eliuicel signs of husk may be present.
GORPIJGATIOM8.
Those may be classified ass-
a). oGOurrlng during the course of the diseases
(1 ) 'X'Ulmonary oedema.
(2 ) 3hsphysema.
(5) Seeomlary bacterial 
iB feetioH
b ) o c c u r r in g  a s  ooquQ lao:
( 1 ) Ih x m a h ie c ta o is .
(2) Pulmonary fibrosis.
I^almoamry Oedema. ie  emo o f the most ser iou s eom plioatloas
and Is th e frequent o-imso of sudden ollnlcal deterioration; the 
onset of heart failure In a dysfnoele onlmol is the main cause•
1 2 .
The a l v e o l i  become f i l l e d  w ith  tra n su d e d  f l u i d  and t h i s ,  
to g e th e r  w ith  th e  la y in g  doim o f  p r o te in - c o n ta in in g  ♦hyaline  
membranes* on th e  a lv e o la r  w a l l s ,  c a u ses  a  s e r io u s  d im in u tio n  
i n  th e  a l re a d y  red u ced  g as-ex ch an g in g  a re a  o f  th e  lungs*
T h is augm ents th e  p a r a s i t i c  pneum onia and le a d s  to  f u r t h e r  
a n o x ia .
These changes are accompanied by a marked decrease in 
the volume or strength of the arterial pulse* Only occasion­
ally is it possible to detect fluid râles on auseu].tation.
Emphysema* T h is  f r e q u e n t  c o m p lic a tio n  i s  u s u a l ly  o f  th e  
i n t e r s t i t i a l  ty p e . The lo b u le s  o f  th e  b o v in e  lu n g  a r e  
s e p a ra te d  by lo o s e  f ib r o u s  t i s s u e  and a i r  may e n te r  t h i s  
from  ru p tu re d  b ro n c h io le s .  The a i r  t r a v e l s  a].ong th e  s e p ta  
and may in c r e a s e  i n  volume to  form  la r g e  b u l l a e .  The lu n g  
i s  th e n  in c a p a b le  o f  p ro p e r  c o n t r a c t io n  and r e s p i r a t o r y  
d i s t r e s s  becomes more m arked.
The ad v en t o f  emphysema i s  r e a d i ly  re c o g n ise d  c l i n i c a l l y  
by th e  d i s t i n c t  and w id esp read  c r a c k l in g  sounds h e a rd  on 
a u s c u l ta t io n .  I n f r e q u e n t ly  th e  emphysema may ex ten d  v i a  
th e  th o r a c ic  i n l e t  to  th e  su b cu tan eo u s t i s s u e s  o v e r  th e  
th o ra x  and abdomen.
Secondary B a c te r i a l  I n f e c t i o n * Thi^ i s  l e s s  common th a n  i s  
g e n e ra l ly  supposed  a lth o u g h  i t  i s  f re q u e n t  enough to  j u s t i f y  
th e  u s e  o f  a n t i b i o t i c s  i n  s e v e re  husk  e a s e s .  The g re e n  pus 
o f te n  seen  i n  th e  lu n g e  o f  p a r a s i t i c  b r o n c h i t i s  c a se s  i s  
composed o f  e o s in o p h il  leu lco cy tes  exuded i n  re sp o n se  to  th e  
p a r a s i t e s  fand n o t to  b a c t e r i a .
1 3 .
However, a c u te  i n t e r s t i t i a l  pneum onia may be superim posed  
and th e  o c c u rren c e  o f  t h i s  c o m p lic a tio n  may be su sp e c te d  
when m o d e ra te ly  ta ch y p n o e ic  e a se s  sudden ly  become a n o re x ic  
and v e ry  d u l l .  Kecmabency and d e a th  may ensue w ith in  46 
h o u rs .
B ro n c h ie c ta s is
A f te r  some husk  in f e c t i o n s ,  th e  b ro n c h i o f  a  lo b e  f a i l  
to  c l e a r  th em se lv es  o f  ex u d a te s  and th e s e  become th e  n id u s  
o f  low  g rad e  c h ro n ic  b a c t e r i a l  i n f e c t io n s .  S low ly th e  
b ro n c h i d i . la te  and th e  lo b u le s  c o l la p s e  u n t i l  th e  lo b e  
becomes tra n s fo rm e d  in to  s e v e r a l  tu b e s  o f  v i s c id  p u s . T h is 
i s  a  common cau se  o f  th e  p o o rly  th r iv in g  s tu n te d  animaJ. w ith  
a  p e r s i s t e n t  cough, and economic th e ra p y  i s  n o t p o s s ib le .
Pulm onary f i b r o s i s
T h is  may rem ain  a f t e r  an  i n f e c t io n  i n  th e  i n t r a -  o r  
p e r ib r o n c h ia l  s i t e s  o r  i n  th e  s e p ta ,  b u t w h ile  i t  may g iv e  
r i s e  to  a  m ild  c h ro n ic  cough, i t  i s  n o t g e n e ra l ly  o f  much 
c l i n i c a l  s ig n i f i c a n c e .
Prom t h i s  b r i e f  acco u n t i t  i s  ap p a re n t t h a t  th e  d is e a s e  
p ro c e s s e s  i n i t i a t e d  by D. v iv ip a ru s  a re  com plex; fu rth e rm o re  
i n  one group o f  c a lv e s  th e  v a r io u s  p h ases  o f  th e  d is e a s e  may 
be en co u n te red  s im u lta n e o u s ly  i n  d i f f e r e n t  a n im a ls . I n  g e n e ra l ,  
how ever, th e  ap p ea ran ce  and s e v e r i ty  o f  c l i n i c a l  s ig n s  a re  
d e te rm in ed  by th e  numbers o f  la r v a e  in g e s te d  and th e  imraune 
s t a t u s  o f  th e  h o s t .
1 4 .
The in ta k e  o f  la rv a e  i s  v e ry  d i f f i c u l t  to  c o n t ro l  
e f f e c t i v e ly  by g ra c in g  te c h n iq u e s  and th e  s o lu t io n  to  th e  
problem  o f  p a r a s i t i c  b r o n c h i t i s  depends on v a c c in a t io n  o r  
specific the rapy*
Between 1952 and 1954 a  group o f  w orkers (Jarrett, 
Jenn ings*  M cIntyre* M u llig an  and Ürquhart) commenced an 
investigation i n to  parasitic b azo n ch itis . An e a r ly  f a c t o r  
was the n e c e s s i ty  o f  d i f f e r e n t i a t i n g  c l i n i c a l  p a r a s i t i c  
b r o n c h i t i s  from  a n o th e r  c a l f  p r o l i f e r a t i v e  pneum onia 
c h a r a c te r i s e d  by an  expand ing  p e r ib r o n c h ia l  lym phoid hyper- 
p l a e i a  and w hich was n o t  caused  by th e  limgi-jorm* a lth o u g h  
i t  o f te n  co m p lica ted  a  husk  pneumonia*
In  1954 th e  group p u b lis h e d  a  number o f  basic f a c t s  
concerning p a r a s i t i c  bronchitis, v i s ;
1 ) Age and s e a s o n a l in c id e n c e  f ig u r e s  from  both a  
knacker-yard and a  farm  survey;
2) E pidem iology  including longevity o f  larvae on
p a s tu r e ,  i n f e c t i o n  b iïi ld -u p  and th e  co u rse  o f  the 
d is e a s e  on a h e rd  b a s i s ;
3 )  The c o r r e l a t i o n  o f  symptoms and faecal l a r v a l  
counts;
4) A p a th o lo g ic a l  d e s c r ip t io n  o f  some o f  th e  m ain 
pulmonary l e s io n s  such  a s  a lv e o la r  e p i t h e l i a l ! s a t i o n  
and h y a l in e  membrane formation fo llo w in g  pulmonary 
oedema and le a d in g  to  c a rd ia c  an o x ia  and h e a r t  failure.
IS .
T ills Mae fo llo w ed  by a  more d e t a i l e d  in v e s t ig a t io n  
of th e  ep idem io logy  with a p e o ia l  r e f e r e n c e  to  the over­
wintering o f  l a r v a e  on p a s tu r e  ( J a r r e t t ,  McIntyre, U rqtd iart 
and Bell, 1955a) and a f u r t h e r  more e x te n s iv e  k n a c k e r-y a rd  
survey a ls o  aimed a t  c l a r i f y i n g  the method o f  survival o f  
the p a r a s i t e  o v e r  th e  xvinter ( Gmmin#iam, J a r r e t t ,  M cIntyre 
and ürquhart 1 9 5 6 ) . The descriptive p a th o lo g ic a l  survey 
was l a t e r  fo llo w ed  by a  d e t a i l e d  s tu d y  o f  th e  pathogenesis 
fo llo w in g  e x p e rim e n ta l i n f e c t io n  w ith  moderate and high 
larval doses and serial k i l l i n g  o f  c a lv e s  ( J a r r e t t ,  M cIntyre 
and Ü rq u h art 1 9 5 7 ). T h is work reproduced a l l  the lesions 
seen in th e  n a t u r a l l y  o c c u r r in g  disease and e x p la in e d  many 
hitherto puszling features.
I t  was a t  t h i s  tim e  becoming r a p id ly  a p p a re n t to  these 
workers t h a t  the t r a d i t i o n a l  m ethods o f  a t t a c k  on  p a r a s i t i c  
disease, viz; p re v e n t io n , by rem oving ae ee ea  to  i n f e c t iv e  
larvae, and m e d ic in a l tr e a tm e n t o f  established infections 
were o f  little practical use; control o f  the d is e a s e  on the 
farm  by h usbandry  m ethods was e i t h e r  p r o h ib i t i v e ly  ex p en siv e  
or im p r a c t ic a l  or b o th . In  spite o f  th e  c la im s  to  e f f ic a c y  
of the many rem ed ies  then current, no drugs produced  a t  
t h i s  p e r io d  had  been  proved  to  have any e f f e c t  on th e  
e e ta b lie h in e n t o f  i n f e c t i o n .
There was ev id en ce  t h a t  a s tro n g  im m unity could be 
a c q u ire d  u n d e r  f i e l d  conditions (W etzel 1948; T ay lo r  1951; 
J a r r e t t ,  M cIn tyre  and ürquhart, 1954) a lth o u g h  little work
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had b een  done on e x p e rim e n ta l an im ale  to  e x p lo re  th e  
n a tu re  o f  t h i s  r e s i s t a n c e  n o r  had i t  been  q u a n t i ta te d  
i n  auy way* Two ex p e rim en ts  were s e t  up i n  o rd e r  to  
i n v e s t i g a t e  t h i s  p o in t  ( J a r r e t t ,  J e n n in g s , M cIn ty re , 
M u llig an , Thomas & Ü rq u h art 1 9 5 9 ). I n  th e  f i r s t ,  10 
c a lv e s  r e c e iv e d  a  t o t a l  o f  20 ,000 in f e c t i v e  la r v a e  ea ch , 
i n  th r e e  d o ses  o f  in c r e a s in g  m agn itude , a t  I n te i 'v a l s  o f  
o v e r  f i v e  m onths, i l l  though  th e  c a l t e s  were k i l l e d  a t  a  
tim e  w hich would o th e rw ise  have been  th e  h e ig i i t  o f  
p a te n c y  o f  th e  t h i r d  i n f e c t i o n ,  seven  o f  them  shovred no 
lung-w orm s a t  a u to p sy i A second ex perim en t on s im i la r  
l i n e s ,  a l th o u g h  w ith  a  d i f f e r e n t  d o s in g  re g im e , confirm ed  
t h a t  an  i n f e c t i o n  w ith  D. ' v iv ln a ru o  c o n fe rs  a  h ig h  d eg ree  
o f  im m unity to  su b seq u en t r e i n f e c t i o n .
A c o r o l la r y  o f  th e s e  f in d in g s  xms to  a t te m p t p a s s iv e  
im m u n isa tio n  (J a r r e t t ,  J e im in g s , M cIn ty re , M u llig an  & 
U rqtihart^  1 9 5 5 ). Serum was o b ta in e d  from  re c o v e re d  f i e l d  
c aae s  w hich had been s u b je c te d  to  e x p e rim e n ta l r e i n f e c t i o n  
i n  o rd e r  to  b o o s t th e  a n tib o d y  t i t r e s ; '  Seven o f  14 p a r a s i te -  
f r e e  c a lv e s  w ere g iv e n  a  t o t a l  o f  1 ;500  ml.' o f  th e  immune 
g lo b u l in  p r e p a r a t io n  i n t r a - p e r i t o n e a l l y  and th e n  c h a lle n g e d  
w ith  4*000 i n f e c t i v e  l a r v a e ;  The maximum d a i ly  mean 
r e s p i r a t o r y  r a t e  o f  th e  imm unised group was 55 p e r  m inu te  
a s  a g a in s t  85 In th e  c o n t r o ls  mid th e  fo rm er had a  group 
lungvjorïa burden l e s s  th a n  5/  ^ o f  t h a t  o f  th e  c o n t r o ls  3 7 ;4  
a s  a g a in s t  786;
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The above finding# su g g e s te d  t h a t  i t  m ight be 
possible to  p r o te c t  an im ais  a g a in s t  p a r a s i t i c  b r o n c h i t i s  
by means o f  a c t iv e  i im im is a t io n  o th e r  th a n  n a tu r a l  o r  
e x p e rim e n ta l infection. An experim en t was perfo rm ed  
(Jarrett, J e n n in g s , M cIn ty re , M L lig a n  and Ü rq u h art 
1960a) i n  which a  total o f  62 c a lv e s  r e c e iv e d  one o r  
two d o se s  o f  a  f r e e z e - d r ie d  p r e p a r a t io n  o f  P* v iv in a ru s  
worms c o l le c te d  from  th e  b ro n c h i o f  in f e c te d  calves. This 
a d ju v a n te d  whole-worm a n t ig e n  was in je c te d  in tr a m u s c u la r ly .  
A f u r th e r  50 non-lim aunised c a lv e s  se rv e d  a s  c o n t r o l s .
Viewed a s  a  v a c c in a t in g  p ro ced u re  the results were 
q u a n t i t a t i v e l y  d is a p p o in t in g  a lth o u g h  two v a c c in a te d  
g roups o f  11 c a lv e s  each  showed a  s t a t i s t i c a l l y  s i g n i f i ­
c a n t 50g& r e d u c t io n  i n  't a k e * .  Q u a l i t a t iv e ly ,  how ever, th e  
pulm onary l e s io n s  i n  the immunised groupe were both 
d i f f e r e n t  mid i n t e r e s t i n g ;  th e  s e r i e s  of l e s io n s  found 
showed an  e x a g e ra te d  re sp o n se  to  th e  p a r a s i t e s  on th e  
p a r t  o f  th e  h o s t ,  a s s o c ia te d  w ith  marked eosinophil 
i n f i l t r a t i o n  and g i a n t - c e l l  phagocytosis. The m ain 
conclusions from  th e  ex p erim en ts  w ith  whole worm v a c c in e  
immunisation were t h a t  as a  method o f  p r o te c t io n  i t  seemed 
to be of l i t t l e  p r a c t i c a l  v a lu e .  This was due p a r t l y  to  
its c o m p a ra tiv e ly  low  e f f ic a c y  and p a r t l y  to the d i f f i c u l t y  
of o b ta in in g  ad eq u a te  numbers o f  adult lungworms to produce 
a  v a c c in e  on a  w id er scale.
I t  was r e a l i s e d  t h a t  th e  problem  o f  p ro d u c in g  immunity 
would p ro b ab ly  best be solved by g e t t in g  a c t iv e ly  meta­
bolising b u t inactivated worms into m aerom olecu lar c o n ta c t
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w ith  th e  iiïïmune a p p a ra tu s  o f  th e  c a lv e s .  I o n is in g  
r a d i a t i o n s  from  an  X -ray  so u rce  were chosen  f o r  th e  
a tte m p te d  i n a c t i v a t i o n  and b e fo re  d e t a i l i n g  t h i s  a s p e c t  
o f  th e  work i t  i s  p e r t in e n t  to  d ig r e s s  on to  th e  g e n e ra l  
s u b je c t  o f  p a r a s i t e s  and io n i s in g  r a d i a t i o n .
As a p p l ie d  to  th e  f i e l d  o f  p a r a s i to lo g y  io n i s in g  
r a d i a t i o n  from  an. X -ray , c o b a l t - 6 0 ,  o r  rad ium  so u rc e  h as 
been  u sed  i n  th r e e  m ain w ayes-
1 ) To re n d e r  p o t e n t i a l  b u to h e r  meat p a r a s i t i c a l l y  
s t e r i l e  f o r  h m a n  consum ption .
2) To s tu d y  th e  b io lo g ic a l  e f f e c t s  r e s u l t i n g  from  
i r r a d i a t i o n .
(a )  w hether r a d i o - r e s i s t a n t  s t r a i n s  co u ld  be 
p ro d u ced ,
(b ) w h eth er re c o v e ry  from  i r r a d i a t i o n  e f f e c t s  
co u ld  be in d u c ed ,
(c )  w h eth er s t a b i l i t y  o f  m o rp h o lo g ica l c h a r a c te r s  
co u ld  be a s s e s s e d  by s tu d y in g  ty p e -fre q u e n o y  
o f  m u ta tio n s  p ro d u ced .
(d ) w hether any c o n s ta n t  m o rp h o lo g ica l e f f e c t  i s  
p ro d u c e d . '
3 )  To produce a c t iv e  im m unity and to  s e p a ra te  d i f f e r e n t  
f a c t o r s  i n  th e  immune re sp o n se .
Each o f  th e s e  w i l l  now be c o n s id e re d  b r i e f l y .
1 ) S t e r i l i s a t i o n  o f  M eat.
I n  1916 T y zse r and H oneij d isc o v e re d  t h a t  X -ray s  had a  
d e l e t e r io u s  e f f e c t  on T r io h ln e l la  B n i r a l ie  la r v a e  and s in c e  
th e n  much work h a s  been  done on t h i s  a s p e c t  o f  t r i c h i n o s i s ,  
a lth o u g h  i t  was n o t u n t i l  1951 t h a t  th e  th re a d  was p ick ed
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up by Mloata, who performed a series of experiments.
On th e  s u b je c t  o f  m eat s t e r i l i s a t i o n  he concluded  t h a t ,
Ell though X - i r r a d ia t io n  i n  s u f f i c i e n t  q u a n t i ty  was e f f e c t iv e  
and dependab le  i n  d e s tro y in g  t r i c h i n a e  i n  th e  m ea t, th e  
p ro ced u re  was o f  l im i te d  practical v a lu e  due to  th e  h ig h  
d o ses  (500‘,000 ro e n tg e n s )  r e q u ir e d  mid to  th e  d i f f i c u ] . ty  
o f  l a r g e  s c a le  i r r a d i a t i o n .  However, Gould, Van Dyke 
and Gomberg (1953 )* i r r a d i a t i n g  t r io h in o u s  p o rk  i n  s l i c e s  
l e s s  th a n  two c e n tim e tr e s  th i c k ,  foim d 25,000 ro e n tg e n s  to  
be e f f e c t iv e  and saw prom ise i n  com m ercial a p p l ic a t io n  o f  
th e  m ethod. Gould and Gomberg (1953) a ls o  n o te d  t h a t  
la r v a e  en c y s te d  i n  meat w ere mox’e r e s i s t a n t  th a n  th o se  
i n  v i t r o .
Gould, Gomberg and Bothell (1953), using chemical 
dosimeters embedded in triohinous pork, obtained accurate 
dose measurements and tested the efficacy of their various 
radiation levels by feeding 5,000 larvae from irradiated 
meat to rats compared with 5,000 normal larvae to the controls.
12,000 roentgens froia a cobalt-60 source allowed some females 
still to develop but all were completely sterile. Magath and 
Thompson (1955), discussing the effects of T. spiralis 
irradiation on immunity from the public health aspect, 
considered that %)ork irradiation would reduce the acquisition 
of immunity in the consumers and increase t&e clinical 
manifestations if they contracted the disease elsewhere*
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a )  R a d io - r e s i s ta n t  s t r a i n s .  Gou3,d, Gomberg, B e th e l l ,  
V ilX eX la and H e rtz  (1 9 5 5 ), i n - t h e i r / s e r i e s - o f  ;,papei:s .Q,n v a r io u s  
a s p e c ts  o f  0-. s p i r a l i s ,  c o n s id e re d  th e  chance o f  such  s t r a i n s  
a r i s i n g ,  b e a r in g  i n  mind th e  p o s s ib le  m utagen ic  e f f e c t s  o f  
i o n i s in g  r a d i a t i o n s .  However, progeny produced  from  T , s p i r a l i s  
l a rv a e  i r r a d i a t e d  a t  th e  s u b le th a l  and re p ro d u c tiv e -p e rm is s iv e  
dose o f  10 ,000  ro e n tg e n s  showed no ev id en ce  o f  r e s i s t a n c e  to  
i r r a d i a t i o n .  A l ic a ta  (1956) made s im i la r  o b s e rv a tio n s  i n  
more d e ta i l e d  ex p e rim en ts  on th e  same p a r a s i t e  by ta b u la t in g  
th e  p e rc e n ta g e  s t e r i l i t y  among a d u l t  fem ale  T. s n i r a l i s  i n  
s i x  g e n e ra t io n s  fo llo w in g  i r r a d i a t i o n  o f  th e  l a r v a l  s ta g e  in  
each  g e n e ra t io n  w ith  5 ,000 ro e n tg e n s  o f  X -ray a . He concluded  
from  h i s  d a ta  t h a t  no r e s i s t a n t  s t r a i n  d eve loped  and t h a t  
th e  a b i l i t y  o r  f a i l u r e  o f  in d iv id u a l  egg c e l l e  to  deve lop  
p ro b ab ly  depends on th e  amount o f  r a d ia t io n  re c e iv e d  p e r  egg. 
A pproaching r a d i o - r e s i s t a n t  from  a n o th e r  a s p e c t ,  S h ikhobalova 
e t  a l  (1958) s tu d ie d  th e  v a r i a t i o n  i n  s e n s i t i v i t y  to  irrad i™  
a t io n  o f  th e  d i f f e r e n t  s ta g e s  o f  e rito y o g en esis  o f  th r e e  s p e c ie s  
o f  a s c a r id s .  A. lu m b r ic o id e e . A. suum and A. ^ a l l i  were a l l  
X - i r r a d ia te d  a t  s ta g e s  ra n g in g  from  th e  b la s to m e re  to  th e  
i n f e c t iv e  l a r v a .  They found eggs to  be more s u s c e p t ib le  th a n  
l a r v a e ,  e s p e c i a l ly  a t  th e  b l a s t u l a ,  m oru la  and e a r ly  g a s tru la , 
p h a se s ; t h i s  assessm en t was made on th e  number o f  in f e c t iv e  
la r v a e  produced  and t h e i r  a b i l i t y ,  which was alw ays red u ced , 
to  m ig ra te  w ith in  th e  h o s t .  T hat postem bryon io  developm ent 
was a f f e c te d  by i r r a d i a t i o n ,  was ehotni by in c r e a s e s  i n  th e  
fe m a le :m ale r a t i o •
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A lthough have n o t t r i e d  s p e c i f i c a l l y  to  f in d  radio™ 
r e s i s t a n t  s t r a i n s ,  we have n o t seen  any ev id en ce  o f  t h e i r  
e x is te n c e *  W hile, i n  th e  w idesp read  u se  o f  an  i r r a d i a t e d  
v a c c in e , t h i s  i s  a  f a c t o r  t h a t  h a s  to  be c o n s id e re d , a  r a d io ­
r e s i s t a n t  s t r a i n  m ust p roduce progeny which a re  g o in g  to  be 
th em se lv es  i r r a d i a t e d  i n  o rd e r  f o r  such  a  m u ta tio n  to  'b e n e f i t*  
th e  p a r a s i t e .  As th e r e  i s ,  a t  th e  f a c to ry  x#\ich p ro d u ces  th e  
D. v iv ip a ru B  v a c c in e , no l a r v a l  feed b ack  from  so u rc e s  o u ts id e  
t h e i r  own l a r v a l  p ro d u c tio n  u n i t ,  th e  problem  does n o t  a r i s e  
th e r e .
b) P o s s ib le  re c o v e ry  from  i r r a d i a t i o n .
The p o s s i b i l i t y  t h a t  p a r a s i t é e  m ight re c o v e r  from  th e  e f f e c t s  
o f  io n i s in g  r a d i a t i o n ,  p a r t i c u l a r l y  i f  th e y  a r e  s to r e d  a t  
te m p e ra tu re s  a p p ro ac h in g  0 °C ., was f i r s t  su g g e s ted  by Cook 
(1939)• He r e p o r te d  t h a t  X - i r r a d ia te d  eggs o f  P a r a s c a r i s  
e quorum, k e p t a t  5^0. f o r  a  lo n g  p e r io d , showed rem ark ab le  
re c o v e ry  from  th e  r a d i a t i o n  e f f e c t s ,  a s  m easured by l a t e r  
h a t o h a b i l i t y .  However, B aehofer and Paial (1955)* h av in g  
s tu d ie d  th e  in f lu e n c e  o f  ex ten d ed  low  te m p e ra tu re  t r e a tm e n ts  
on th e  re c o v e ry  o f  X - i r r a d ia te d  A. lu m b ric o id e s  v a r  s u is  eg g s , 
concluded  t h a t  such  i r r a d i a t i o n  c a u se s  th e  f i r s t  c leav ag e  to  be 
d e la y e d , w hich d e la y  i s  n o t a l t e r e d  by k eep in g  th e  eggs a t  0^0 . o r  
5^0. f o r  p e r io d s  o f  up to  35 weeks b e fo re  in c u b a t in g  a t  3 0 ^ 0 ., 
compared to  c o n t r o l s .
Alicata (1956) i r r a d i a t e d  T. s p i r a l i s  l a r v a e ,  th e n  r e f r i g ­
e r a te d  them f o r  one month a f t e r  which th ey  were fe d  to  s u s c e p t ib le  
r a t s  i n  a  c o n t r o l l e d  ex p e rim en t.
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He foim d no re c o v e ry  from  I r r a d i a t i o n  e f f e c t s  to  have ta lsen  
p la c e .  A3.S0, he foim d t h a t  p e rfo rm in g  th e  i r r a d i a t i o n  a t  0^0 . 
p roduced  th e  same e f f e c t s  on T. s p i r a l i s  la rv a e  a s  i r r a d i a t i o n  
a t  'room  te m p e ra tu re * .
AXthougli pez'form ed i n  a  d i f f e r e n t  b io lo g ic a l  c o n te x t ,  th e  
work o f  W eiss ( i9 6 0 )  on th e  e f f e c t s  o f  hypo therm ia  and h ypox ia  
on th e  s e n s i t i v i t y  o f  HeLa c e l l s  to  X -rays i s  i n t e r e s t i n g  and 
p o s s ib ly  r e l e v a n t .  U sing  an  i n  v i t r o  c e l l  system  he wae a b le  
to  o b se rv e  th e s e  two f a c t o r s  s e p a r a te ly  and he concluded  t h a t  
w h ile  h y p o x ia  d id  p roduce a  d e f i n i t e  d e c re a se  i n  r a d i o s e n s i t i v i t y ,  
h y p o therm ia  le d  to  no d e te c ta b le  change* B oynter (p e r s o n a l 
com m unication 1 9 6 2 ), who h as  had c o n s id e ra b le  e x p e rie n c e  i n  
w orking w ith  X - i r r a d ia te d  B. v iv in a ru s  la r v a e ,  does n o t  c o n s id e r  
t h a t  're co v e ry *  o c c u rs . Each tim e t h a t  la rv a e  o f  B. v iv in a ru B .
H. c d n to r tu e  o r  T. c o lu b r ifo rm is  were i r r a d i a t e d  f o r  u se  i n  
ex p e rim en ts  re c o rd e d  i n  t h i s  t h e s i s  i t  was c o n s id e re d  im p o rta n t 
to  dose th e  e x p e rim e n ta l an im a ls  a s  soon a s  p o s s ib le  a f t e r  
i r r a d i a t i o h  to  av o id  th e  v a r ia b le s  in tro d u c e d  by t im e - la g  f a c t o r s .  
I r r a d i a t e d  D. v iv ip a m s  la r v a e  p ro b ab ly  do n o t have a  lo n g  enough 
's h e l f - l i f e *  f o r  th e  p o s s i b i l i t y  o f  r a d ia t io n  re c o v e ry  to  be a  
h a z a rd .
e) M orpho log ica l s t a b i l i t y .
S c h i l l e r  (1957) in tro d u c e d  to  p a r a s i to lo g y  a  n o v e l a p p l ic a t io n  o f  
X « ir r a d la t io n  which he u t i l i s e d  to  f a c i l i t a t e  th e  s tu d y  o f  
m o rp h o lo g ica l v a r i a t i o n s .  Eggs o f  Evm enolepis n a m  were g iv e n  a  
ran g e  from  5 ,000  to  40 ,000 ro e n tg e n s  and fe d  to  m ice .
The y i e ld  o f  m u ta tio n s  was d i r e c t l y  p r o p o r t io n a l  to  th e  m m her 
o f  ro e n tg e n s  and S c h i l l e r  c o n s id e re d  t h i s  an im p o rta n t a id  to  
ta x o n o m is ts  i n  e v a lu a t in g  th e  r e l a t i v e  s t a b i l i t y  o f  g iv e n  
m o rp h o lo g ic a l c h a r a c te r s .
d) M orpho log ica l e f f e c ts *
S e v e ra l w orkers have s u b je c te d  p a r a s i t e s  to  arbitary doses 
o f  X - i r r a d ia t io n ,  have dosed th e  t r e a t e d  la rv a e  to  s u s c e p t ib le  
hosts and have exam ined th e  r e s u l t i n g  worm p o p u l.a tio n . Most 
w orkers in c lu d in g  o u r s e lv e s ,  have been  im p ressed  by th e  compar­
a t i v e  r a d io - r e s i s t a n c e  o f  th e  fem ale  worm, which can  s u rv iv e  
f o r  a p e r io d  fo llo w in g  d o ses  o f  i r r a d i a t i o n  w hich e l im in a te  90^  ^
o f  th e  co rre sp o n d in g  m a les . T h is  will be commented on f u r t h e r  
i n  s e c t io n s  I I I  and IV.
A l ic a ta  (1951), i n  a n  in fo rm a tiv e  a r t i c l e  on X - i r r a d ia t io n  
o f  Té s p i r a l i s .n o te d  t h a t  th e  fe m a le s , a lth o u g h  s u r v iv in g ,  show 
v a r i o u s l y : -  s tu n te d  g row th , outicular th ic k e n in g , i n a b i l i t y  o f  
eggs to  c le a v e  i n  u te ro  and o v a r ia n  d e g e n e ra tio n . K atz (1956) 
u t i l i s e d  X- and oobalt-60-gaîom a ir5 ? a d ia tio n  o f  sperm  a n d /o r  ova, 
to  in d u ce  s u c c e s s iv e  f r e e  l i v i n g  g e n e ra t io n s  i n  8 tro n # v lo id e s  
n a n i l lo s u e  i n  which t h i s  phenomenon does not a p p e a r  to  o ccu r 
n a t u r a l l y .  Although t h e o r e t i c a l l y  such g y n o g en e tic  a n d /o r  
a n d ro g e n e tic  in d u c t io n  ough t to  have been p o s s ib le  i n  v iew  o f  th e  
triploidy ob serv ed  i n  th e  worm, th e  e f f o r t s  were u n s u c c e s s fu l .  
However, d i f f e r i n g  m ale and fem ale  s u s c e p t i b i l i t i e s  were n o t ic e d  
i n  t h a t  th e  dom inant l e t h a l  e f f e c t  on l a r v a l  p ro d u c tio n  was 
observed  w ith  m ales g iv e n  2 0 ,000  ro e n tg e n s  o f  gamma r a y s  from  
c o b a lt-6 0  b u t n o t u n t i l  40 ,000 ro e n tg e n s  i n  th e  c a se  o f  fe m a le s .
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O lorda and B iz z e l l  ( i9 6 0 )  s u b je c te d  T. a x e l to  h ig h  i n t e n s i t y  
Z - i r r a d i a t i o n  and o b se rv ed  t h a t  no m ales d ev e lo p ed , i n  r a b b i t s ,  
above 60 ,000 ro e n tg e n s  w hereas th e  dosage r e q u ir e d  to  i n h i b i t  
developm ent o f  th e  fem a le s  was 90 ,000  ro e n tg e n s . ' S im i la r ly ,  
R iek and K e ith  ( i9 6 0 )  found t h a t  th e  e f f e c t  o f  20 ,000  ro e n tg e n s  
o f  Z -ra y s  on i n f e c t iv e  la rv a e  o f  0esonhag:ostomum r a d i atmn dosed 
to  c a lv e s  %-mB to  e s t a b l i s h  a  p red o m in an tly  fem ale  popu3„àtion.
3 ) P ro d u c tio n  and in v e s t ig a t io n  o f  th e  immune re sp o n se  
folloxfina* d o s in g  w ith  i r r a d i a t e d  la r v a e .
Thè work d e s c r ib e d  u n d er t h i s  h ead in g  h as  a l l  been  perform ed 
u s in g  T* s p i r a l i s . i n f e c t io n s  o f  which c o n s is t  o f  a  p rim ary  
i n t e s t i n a l  p h ase  and a  secondary  m uscle in v a s io n  by th e  p rogeny . 
Once a  s t ro n g  r e s i s t a n c e  to  r e i n f e c t i o n  had been  d em o n stra ted  
(Dueas 1921; McCoy 1931; L ev in  and Evans 1 9 4 2 ), th e  m ain problem  
was w hether th e  h o s t  resistance to  r e in f e c t io n  was e l i c i t e d  d u r in g  
th e  phase o f  i n t e s t i n a l  m ucosal p e n e t r a t io n  by a d u l t  t r i c h i n a e ,  o r  
a s  a  r e s u l t  o f  d is s e m in a tio n  o f  la rv a e  in to  th e  s k e l e t a l  
m u sc u la tu re , o r  a  com bination  o f  b o th .
T y zse r and H oneij (1 9 1 6 ), Schw artz (1921) and Bemrad (1937) 
ia r ra d ia te d , i f i th  radiujji o r  Z - ra y s , t r i c h i n a  la r v a e  en c y s te d  i n  
m uscle and fe d  th e  t r e a t e d  m a te r ia l  to  mice o r  r a t s ,  b u t  th e  f i r s t  
c a u s a l  r e l a t i o n  betw een i r r a d i a t e d  p a r a s i t i c  l a r v a e  and th e  
p ro d u c tio n  o f  h o s t  r e s i s t a n c e  was d em o n stra ted  by L ev in  and Evans 
(1 9 4 2 ), a lth o u g h  i n  th e  p re v io u s  y e a r  W axier and H e rr ic k  had 
p u b lis h e d  a  c ormaunic a t  io n  on ImDiuni s a t  io n  a g a in s t  c o c o id io s i s  i n  
pou3.try by th e  u se  o f  Z - i r r a d ia t e d  o o c y s ts .
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Working w ith  r e p ro d u c ib le  in f e c t io n s  o f  T. s p i r a l i s  
i n  r a t s ,  and f i n e l y  q u a n t i t a t in g  th e  dose o f  X ™ irrad ia tlo n  
u se d , L ev in  and Evans (1942) produced  m o rp h o lo g ic a lly  m ature 
b u t r e p ro d u c tiv e ly  sterile i n t e s t i n a l  p o p u la t io n s .  These 
induced  90 to  99# p r o te c t io n  to  r e in f e c t io n  w ith  normal la rv a e  
a s  e s tim a te d  by th e  number o f  en c y s te d  la rv a e  re c o v e re d  from  
th e  m uscle o f  dosed r a t s  compared to  a p p ro p r ia te  c o n t r o l s .  Bince 
t h i s  h ig h  d eg ree  o f  p r o te c t io n  was o b ta in e d  by an uncomplicated 
i n t e s t i n a l  infection it was concluded  th a t  th e  o r ig in  of the 
mechanism o f  h o s t  r e s i s t a n c e  to  T. s p i r a l i s  was * in  th e  in te s t in e *
L ev in  and Evans ended t h e i r  d is c u s s io n  o f  th e  general 
a p p l ic a t io n  of irradiation i n  p a r a s i t i c  immunity by indicating
t h a t .  **The suggestions.  a re  made in  th e  hope t h a t  o th e r s
w i l l  take up t h i s  w ork. The u se  o f  ro e n tg e n  radiation ae a  to o l  
f o r  th e  study o f  host r e s i s t a n c e  to  parasitic i n f e c t io n s  i s  urged".
Alicata (1951) s tu d ie d  a  s e r i e s  o f  e f f e c t s  o f  X - i r r a d ia t io n  
on T. spiralis and e s ta b l i s h e d  useful background d a ta .  H endricks 
(1952) and Gould, Gomberg, B e th e l l ,  T i l l e l l a  and H ertz  (1955a) 
reopened  th e  q u e s t io n  o f  a c t iv e  parasitic immunity. The l a t t e r  
group had been working on problem s a s s o c ia te d  w ith  X - l r r a d ia t io n  
T. spiralis for several years and in 1955 published results 
o f  ex p e rim en ts  confirming th e  o b s e rv a tio n s  o f  L ev in  and Evans t h a t  
su itab3 .y  i r r a d i a t e d  la r v a e ,  dosed to  rats, produced  a  sterile 
i n t e s t i n a l  p o p u la tio n  and an immunity to  r e i n f e c t i o n .
26 .
The Immune re sp o n se  was f u r t h e r  c a l ib r a t e d  by Zaiinan,
S to n ey , Rubel and H eadley (1955) u s in g  p a i r s  o f  p a r a b io t ic  
r a t s .  I n  p a r t ic u l .a r  th e y  iim unisecl one 'tw in*  w ith  X - i r r a d ia te d  
t r i c h i n a e  la rv a e  and c h a lle n g e d  th e  p a i r  w ith  norm al lax 'v ae , 
to g e th e r  w ith  c o n t ro l  p a i r s  o f  r a t e ;  The 'u n in fe c te d *  tw in  
showed h ig h e r  r e s i s t a n c e  th a n  th e  c o n t ro l  p a i r  i n  each  case  
b u t n o t a s  h ig h  a s  th e  'in f e c te d *  tw in . The d u ra t io n  o f  
im m unity i n  such v a c c in a te d  p a i r s  was found to  be f iv e  months 
(Eaim an, Btoo^ and H ead ley , 1955)#
In  o rd e r  to  d e f in e  th e  c r i t i c a l  I r r a d i a t i o n  l i m i t s  f o r  
im m u n isa tio n , Eaimian and co -w orkers (1961) X - i r r a d ia te d  T .s p i r a l i s  
la rv a e  o v e r a  ran g e  o f  8 ,000  to  20,000 ro e n tg e n s  and gave them i n  
d o ses o f  500 each  to  265 r a t e  i n  11 groups* I t  i s  o f  i n t e r e s t  t h a t  
th e  d eg ree  o f  p r o te c t io n  induced  by la r v a e  g iv e n  8 ,0 0 0  o r  12 ,000  
ro e n tg e n s  was greater th a n  t h a t  r e s u l t i n g  from  th e  same number 
o f  nomiiL la r v a e .
Sadmi, Horman and Brooke (1956) ex tended  th e  s tu d y  on th e  
lo c a t io n  o f  im m m ity  by in v e s t ig a t in g  th e  an tib o d y  re sp o n se  in  
r a b b i t s  to  b o th  p h ase s  o f  T. s n i r a l i s ; th e  u n co rap lica ted  i n t e s t i n a l  
phase th e y  produced  w ith  i r r a d i a t e d  la r v a e ,  th e  m uscle phase a lo n e  
w ith  e x t r a - i n t e s t i n a l  l a r v a l  in n o c u la t io n s .  They w ished to  f in d  
w hether e i t h e r  p hase  in d e p e n d e n tly  co u ld  e l i c i t  a  d e te c ta b le  r i s e  
i n  co m p lem en t-fix in g  o r  f lo c c u la t i n g  a n tib o d y . They observ ed  t h a t  
th e  m uscle phase a lo n e  le d  to  th e  p ro d u c tio n  o f  a n tib o d y  in 
r e l a t i v e l y  h ig h  t i t r e s .
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C o n tin u in g  a lo n g  s im i la r  l i n e s ,  Kim (1956) X - i r r a d ia te d  
T. s p i r a l i s  a t  c lo s e  i n t e r v a l s  o f  u n d er 2 ,000 ro e n tg e n s  to  
e l im in a te  one o r  more s ta g e s  o f  th e  l i f e - e y o l e  which he d iv id e d  
in to  p r ê - a d u l t s ,  a d u l t s  and * la r v a e  from  th e  tim e  o f  r e l e a s e  to  
encystm en t* . The m ig ra t in g  and e n c y s tin g  la r v a e  d id  n o t a p p e a r , 
hy a  p ro c e s s  o f  e l im in a t io n ,  to  c o n t r ib u te  to  th e  t o t a l  im m unity, 
a s  m easured by c o n t r o l l e d  c h a lle n g e  ex p e rim en ts  and a e ro lo g y , 
w hereas adu l.ta  an d , e s p e c i a l ly ,  p r e - a d u l t s  seemed to  be r e s p o n s ib le  
f o r  th e  immune s t im u lu s .
F in a l ly ,  L a rsh , Race and G oulson (1 9 5 9 ), i n  a  c o r r e l a t i v e  
h lB to p a th o lo g ic a l  s tu d y  on i r r a d i a t e d  T. sn ira ] .iB  la r v a e  i n  m ice, 
concluded  t h a t  th e  p r e - a d u l t  s ta g e  a lo n e  can  produce a  d em onstrab le  
ifimmnity which i s  a s s o c ia te d  w ith  th e  p re se n ce  o f  serum  a n tib o d y  
and a  c h a r a c t e r i s t i c  in flam m ato ry  re sp o n se  i n  th e  sm a ll i n t e s t i n e .
The u se  o f  io n i s in g  r a d ia t io n s  by v a r io u s  tro rk e rs  h a s ,  th e r e ­
f o r e ,  p roved  a  u s e f u l  method o f  in d u c in g  a c t iv e  im m unity and o f  
a n a ly s in g  th e  h o s t  re sp o n se  to  a  complex l i f e  c y c le ,  i n  th e  ca se  
o f  T,
F o llow ing  t h e i r  l im i te d  su c c e s s  w ith  th e  a d ju v a n te d  w hole- 
worm v a c c in e  ( lo o .  c i t . ) ,  J a r r e t t ,  J e n n in g s , M cIn ty re , M ulligan  
and ITrquhart c o n s id e re d  t h a t  a  more e f f e c t iv e  a l t e r n a t i v e  m ight 
be to  Z - i r r a d i a t e  D. v iv ip a ru s  la rv a e  to  in v e s t i g a t e  T jhether th e s e  
a t te n u a te d  foram  were ca p a b le  o f  in d u c in g  im m unity. A p i l o t  
expeririien t e s ta b l i s h e d  t h a t  th e  r a d i a t i o n  dosage f o r  s a t i s f a c t o r y  
a t te n u a t io n  l a y  betw een 20,000 and 60,000 ro e n tg e n s .
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An ex p erim en t was th e n  perform ed ( J a r r e t t ,  J e m iin g s ,
M cIn ty re , M itlllgan  and U rqnb.art, 1960b) i n  w hich th r e e  g roups 
o f  c a lv e s  r e s p e c t iv e ly  r e c e iv e d  a  s in g le  dose o f  4 ,000  la rv a e  
i r r a d i a t e d  a t  2 0 ,000 ; 40 ,000 and 60,000 ro e n tg e n s . F i f t y  days
l a t e r  th e  th r e e  g ro u p s , to g e th e r  iz ith  u n tr e a te d  c o n t r o l s ,  were 
c h a lle n g e d  w ith  4 ,0 0 0  norm al la rv a e  and a l l  were k i l l e d  a f t e r  
a  fm r th e r  35 d ay s . The g roups r e c e iv in g  la r v a e  i r r a d i a t e d  a t  
th e  two lo w er l e v e l s  showed b o th  a  v e ry  reduced  mean * ta k e  * o f  
ap p ro x im a te ly  1 5  Xforma and m inim al pulm onary c o n s o l id a t io n  
compared to  the o o n trç ls *  whose lu n g s  were m arkedly  c o n s o lid a te d  
and c o n ta in e d  o v e r  1 ,0 0 0  worms* The 60,000 ro e n tg e n  group  was
v ery  s im i la r  to  th e  c o n t r o ls  i n  worm burden  and pulmonary"
> ■ •
c o n s o l id a t io n ,  in d ic a t in g  t h a t  a t  t h i s  l e v e l  th e  la r v a e  were 
o v e r - i r r a d i a t e d  and had f a i l e d  to  m ature s u f f i c i e n t l y  to  reach  
th e  im m unising s i t e  o r  s ta g e ,  o r  b o th .
In  th e  same experiraen t a  f u r t h e r  th r e e  g ro u p s o f  c a lv e s  had 
r e c e iv e d ,  on day One, s in g le  do ses  o f  4 ,000  3.arvae from  th e  
r e s p e c t iv e ly  i r r a d i a t e d  b a tc h e s ,  to g e th e r  w ith  c o n t r o ls  r e c e iv in g
4 ,000  norm al la rv a e *  These c a lv e s  were k i l l e d  a t  th e  h e ig h t  o f  
p a ten cy  o f  th e  c o n t r o ls  to  a s s e s s  th e  p a th o g e n ic i ty  o f  th e  
a t te n u a te d  l a r v a e .  The th r e e  i r r a d i a t i o n  g roups showed m inim al 
o r  a b s e n t puXmopary c o n s o l id a t io n  and had mean worn co u n ts  o f  f o u r ,  
two and ze ro  worms, r e s p e c t iv e ly .
F in a l l y ,  a  group o f  c a lv e s  g iv e n  an  im m unising dose o f  4 ,000  
norm al la rv a te  had a  mean o f  o n ly  3,1 worms a f t e r  th e  c h a lle n g in g  
in f e c t io n  o f  4 ,000  l a r v a e ;  q u a n t i t a t iv e ly  t h i s  p r o te c t io n  was o f  
a  s im i la r  o rd e r  to  th e  low er two i r r a d i a t i o n  g ro u p s b u t
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q u a l i t a t i v e l y  th e  pulm onary c o n s o l id a t io n  from  th e  im m unising 
dose xfao s e v e re .
Time th e  u se  o f  X - i r r a d ia t io n  appeared  to  he a  p ro m is in g  
method o f  a t t e n u a t in g  D. v iv in a ru s  so t h a t  i t  rem ained  im iuno- 
g e n ic  w ith o u t b e in g  p a th o g e n ic .
A a e r i e s  o f  ex p e rim en ts  vmB th e n  perfo rm ed  to  e la b o r a te  on 
th e  v a c c in a t io n  p ro ce d u re  and to  t e s t  th e  im m unity u n d er a 
v a r i e ty  o f  c h a lle n g e  c o n d i t io n s .  These ex p e rim en ts  a r e  d e s c r ib e d  
i n  th e  n e x t  P a r t  o f  t h i s  t h e s i s .
P A E T 1  I
3 0 .
PARÏ I I
S e c tio n  I
lo n g e v i ty  ex p e rim en ts  on B ie ty o c a itlu s  v iv ip ax 'u s
B efo re  a  3.arge s c a lo  p r o je c t  in v o lv in g  th e  c n l tn r e ,  
h a r v e s t in g ,  i r r a d i a t i o n ,  c o u n tin g , doming and p ro b a b le  s to ra g e  
o f  th e  la r v a e  o f  D. v iv ln a ru a  coiü*d be im d e rtak en , i t  irau 
im p o r ta n t to  c a r ry  o u t a  p re l im in a ry  i n v e s t ig a t io n  in to  some o f  
th e  b io ch em ica l a s p e c t s ,  e s p e c ia l ly  th o se  r e l a t i n g  to  3 ,arval 
s to r a g e .
She p ro v is io n  f o r  e x p e rim e n ta l p u rp o se s , o f  a d eq u a te  nivnbera 
o f  la rv a e  from  what i s  a  co m p ara tiv e ly  n o n - p r o l i f i c  p a r a s i t e ,  
in v o lv e d  th r e e  p h ase s  o f  a c t i v i t y .
a )  c u l tu r e  c a lv e s  * t h e i r  3,arvaX dose and ty p e  o f  
fe e d in g
b) l a r  VEte-G o n t a im ing  f a e c e s  -  method o f  c o l l e c t i o n ;  
c u l tu r e  and h a r v e s t
c) th e  s e p a ra te d  th i r d - s t a g e  la r v a e  -  t h e i r  s to r a g e  
and la b o r a to r y  h a n d lin g
The p ro c e d u re s  u n d e r  c a te g o r ie s  a )  and b) were a l r e a d y  e s ta b l i s h e d
a t  Glasgow and a r e  b r i e f l y  d e s c r ib e d  l a t e r .  I t  w as, how ever,
th o u g h t necessary to i n v e s t i g a t e  m ethods o f  s to r in g  th e  la x v a e ,
and th e  m ain f a c t o r s  c o n s id e re d  w e re ;-
1 . Ivhether la rva©  were b e s t  s to r e d ,  luH iarvosted , i n  f a e c e s  
and i f  so a t  what com bination  of s ta g e  ( f i r s t  o r  t h i r d )  and 
te m p e ra tu re  (-20®Qs 0 to  4 ° 0 .s  27“C .: 5 ? °C .)  f
2 . At what co m b in a tio n  o f  one o f  e ig h t  d i f f e r e n t  m edia ( in c lu d in g
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a  ta p  w a te r  c o n t ro l )  w ith  one o f  th r e e  te m p e ra tu re s ,
(0 to  4 ^ 0 .;  2 7 ^ 0 .: 3 7 ^ 0 .)  d id  h a rv e s te d  t h i r d  s ta g e  3„arvaG
s u rv iv e  lo n g e s t?
3 2 .
E xperim ent X. L o n g ev lty  t e s t s  on f i r s t  and t h i r d  staf^e
3.arvae s to r e d  u n h arv e s te d  i n  f a e c e s  imdca:' v a r io u s  c o n d i t io n s .
I ta rv a e -c o n ta ln in g  fa e c e s  o b ta in e d  from  c u l tu r e  c a lv e s  was 
b u lk ed  and th o ro u g h ly  m ixed. T h is  was done on two o c c a s io n s  
w ith  seven  days* i n t e r v a l  betw een each so t h a t ,  on th e  e ig h th  
day , th e r e  were two b a tc h e s  o f  f a e c e s  c o n ta in in g  t h i r d  and f i r s t  
s ta g e  la r v a e  r e s p e c t iv e ly .
F o r ty - e ig h t  1 gm* saBipleo wex^e removed from  each  o f  th e  two 
b a tc h e s  and p la c e d  i n  96 g la s s  b o t t l e s  o f  30 m l. c a p a c i ty .  The 
4.8 f i r s t  s ta g e  sam ples were d iv id e d  in to  th r e e  g ro u p s o f  16 , -  
A,}3 and 0 . Group A c o n s is te d  o f  m o is t f a e c e s  o n ly . Group B 
was s im i la r  to  A w ith  th e  a d d i t io n  o f  0 .2  m l. o f  1 :1 0 ,0 0 0  
M e r th io la te ,  which was s t i r r e d  In to  each b o t t l e  to  c o n t r o l  funga3. 
gTowth. Group Q was a ls o  s im i la r  to  A, w ith  th e  a d d i t io n  o f  
100 u n i t s  o f  p e n i c i l l i n  and 100 mg. o f  s tre p to m y c in  to  each 
b o t t l e  to  c o n t ro l  b a c t e r i a l  g row th .
The 48 t h i r d  s ta g e  sam ples were s i^ a i la r ly  d iv id e d  and t r e a t e d .  
T h is  r e s u l t e d  i n  a l to g e th e r  s ix  g roups o f  16 sam ples; each  16 
was su b d iv id ed  in to  fo u r  g roups o f  fo u r  each , f o r  in c u b a t io n  a t  
fo u r  d i f f e r e n t  te m p e ra tu re s  ; -20*^0. i 0 to  4 ^ 0 .;  27^0. and 30^0.
Thus, th e  e f f e c t  o f  th e  v a r io u s  c o n d it io n s  was t e s t e d  on 
th e  two ( f i r s t  and t h i r d )  la rv e il  s ta g e s ,  a lth o u g h  a s  ex p ec ted  th e  
f i r s t  s ta g e  la rv a e  were found to  develop  to  th e  t h i r d  s ta g e  a f t e r  
a  week, i n  th o se  sam ples w here in  th e y  rem ained a l i v e .  The sam ples 
were examined a t  ap p ro x im a te ly  weelcly i n t e r v a l s  and th e  o b se rv ­
a t io n s  made a re  re c o rd e d  In  T ab les  I  and I I .
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The m ain  c o n c lu s io n  drawn from  t h i s  p a r t  o f  th e  
essperiîaent was t h a t  th e  s to r a g e  o f  larvae i n  th e  f a e c e s  
was n o t a  p r a c t i c a l  p r o p o s i t io n .
3 4
J[ To i n v e s t ig a t e  th e  f e a s i b i l i t y  o f  l a r v a l  s to ra g e  i n  
f a e c e s .  A ll  n im bers ex p re sse d  a s  p e rc e n ta g e  o f  la rv a e  s t i l l  
a l i v e .
F i r s t  staæ e la rv a e  s to r e d
-20°0. 0  to 4°c. 37°0.
(A
Exarained (
0?4 100# 5 0#
(now 3rd)
0#
at [b 0^ 100# 0# 0#
f iv e  days( 
(0 Ofi 100# 5 0#
(now 3rd)
0#
Examined a t (  
11 d ay s . ‘ ( a 
Fi r s t  s t a g e ( 
were now (B 
t h i r d  ( 
s ta g e .  (G
054
05*
054
10#
45#
45#
0#
0#
0#
0#
0#
0#
(A
Examined (
054 1554 0# 0%
(decomposed)
(B
21 days (
(o
Ofo 35# 0# 0#
(decomposed)
054 53# 0# 054
(decomposed)
(A
E^camined (
Ofo 25?4 0# 0#
(decom posed)
a t
28 days \ 
(0
Ofo
Ofo
66^ 
66 fo
0#
0?4
054
( decom posed) 
0#
(decom posed)
M l  b o t t l e s  • A* c o n ta in e d  1 gm. f a e c e s  is i th  no added p r e s e r v a t iv e .
A ll b o t t l e s  'B* c o n ta in e d  1 gm. fa e c e s  w ith  0 .2  m l. o f  1 :1 0 ,0 0 0  
M e r th io la te .
A ll b o t t l e s  *0» c o n ta in e d  1 gm. f a e c e s  w ith  100 u n i t e  p e n i c i l l i n  -s- 
100 mg. s tre p to m y c in .
3 3 .
O^ ABLE I I . To I n v e s t ig a te  th e  f e a s i b i l i t y  o f  la r v M  s to ra g e  
i n  f a e c e s .
A ll  m m bers e x p re s se d  a s  p e rc e n ta g e s  o f  la r v a e  a t i l l  a l i v e .
Examined
a t
Z^O 0 .  
 ^ A 71#
( B 66#
f iv e  days ( 0 60fo
Examined (A 1 0 0 ^ (y e iy  
a t  .11 days ( a lu g g rsh )
F i r s t  s ta g e  (B 50^  ^
were now ( 
t h i r d  Btag©{^ lOO'S
Examined 
a t  
21 days
( A
lie (
( D
C
Qfo
Ofo
Qfo
( A 0^
Examined (
a t B
28 days (
( G
T h ird  s ta ^ e  la rv a e  s to r e d  
0 to 4°c.
90#
70#
100#
60#
100#
20#
5054
15#
4054
27®0. 57°C.
90# 4054
66# 0#
70# 0#
0% 0 # (v e r j
decomposed
O #(vory Of (very
docompoeeil) decomposed
0# Of (very
decomposed
054
0#
0#
0#
(deoompoBsd
(decomposed
(decomposed
0 ^
Ofo
(decomposed
Ofo
(decomposed
Ofo
A ll  b o t t l e s  *A* c o n ta in e d  1 fa e c e s  w ith  no added p r e s e r v a t iv e .
A ll  b o t t l e s  *B* c o n ta in e d  1 gm. f a e c e s  w ith  0 .2  m l. o f  Is 10 ,000  
M e r th io la te .
A ll b o t t l e s  *0* c o n ta in e d  1 gm. f a e c e s  w ith  100 u n i t s  P e n i c i l l i n  
100 mg. s tre p to îiiy c in .
3 6 .
E xperim ent 2 s The d e te rm in a t io n  o f  th e  optimum medium f o r  th e  
s to ra g e  o f  s e p a ra te d  t h i r d  etaæ e X arvae.
J ja rv a e -c o n ta iîi in g  f a e c e s  was c o l le c te d  from  in f e c te d  c a lv e s  
and c u l tu re d  and harvested by th e  u s u a l te c h n iq u e . The r e s u l t i n g  
la rv a ] , su sp e n s io n  was d i lu t e d  to  c o n ta in  2 ,000  lai^vae p e n a l ,  and 
was th e n  mixed w ith  v a r io u s  m edia i n  th e  p r o p o r t io n  o f  0 .2 5  m l. 
su sp e n s io n  to  4#73 m l. o f  medium. S t r i c t  s t e r i l e  p re c a u tio n s  
were o b serv ed  i n  th e  m aking up o f  a l l  m edia, o f  which seven  
s o lu t io n s  wore tested a g a in s t  a Glasgow tap w a te r  c o n t ro l  a t  
th r e e  te m p e ra tu re  l e v e l s :
0 to  4 ^ 0 .,  27^0, and 30^0. Only t h i r d  s ta g e  la r v a e  were u sed  i n  
t h i s  experimentf
The m edia were a s  f o l lo w s ; -
l i  Glasgow ta p  w a te r  a s  c o n tro l#
Glasgow ta p  w a te r  + 100 u n i te  o f  p e n i c i l l i n
p e r  m l. + 100 gm  ^ s tre p to m y c in  p e r  ml*
3 ; P hosphate  b u f f e r ,  pH 7 . (Made up o f  50 nCL. o f
04 2 m KHPO  ^ + 2 9 4 6 3  m l4 o f  0*2 n EaOH used
w ith o u t f trd th e r  d i l u t i o n ) .
4 . Tyro de * s  s o lu t io n •
5 . E a r l e ’s  s o lu t io n .  ( t r e a t e d  w ith  00^ b e fo re
u se  u n t i l  p ro d u c in g  y e llo w  c o lo u r  f? ith  ph en o l r e d ) .
6 . E a r l e ’ s  s o lu t io n ,  c o n ta in in g  15^ p r e - o o lo e a t r a l  
serum),
7 . E a r l e ’s  s o lu t io n ,  c o n ta in in g  0*6î?'olactalbumin 
h y d ro ly s a te 0
8 . E a r le ’ s  s o lu t io n ,  c o n ta in in g  0.6fé l a c ta lb im in  
h y d ro ly s a te  i' O.&0 y e a s t  e x t r a c t .
Twelve b o t t l e s  were p re p a re d , a s  d e t a i l e d  above , from  each  
medium in c lu d in g  th e  m n t r o l  and 0 .2 5  m l. o f  th e  l a r v a l  su sp e n s io n  
was added to  each . There was a  to ta3 , o f  96 l a r v a l  c u l t u r e s ,  on 
which ex am in a tio n s  were c a r r i e d  o u t on th e  f i f t h ,  1 2 th ,  1 9 th  and 
2 4 th  days a f t e r  s e t t i n g  up th e  ex p erim en t.
5 7 ,
which had s to r e d  0 to  4 ^0 . #<grc (iOlewod
to  B taW  o a  th e  beach , a t  a p p ro x W a tc ly  17^G#g foar w #  h o w
b e fo re  c o w t l a g ,  r e is u l ta  o re  l i s t e d  Im T ab le  111*
%  d e tœ m la e  th e  optlm im  m edlim  f o r  th e  o f
hm rvosted  t h i r d  la rv a e *
%D im to r Tap w a te r  
P ea , & B tre p .
PW eplm te
b u f f e r
f iv e
days
12
days
19
dayg
24
days
0  to  4 ^0 . 100^
2?®C. 100#
M5»s-
57’"Ca 45JÎ
m#*
G t.o 4%. &
27^0. 10#
37°C.
0 t o  4^u . 
27^0, 
5‘P c ,
0#
0 to  4^0.
90#
86#
105#
3'£}lsm»
96#
29#
80#
12.5#
# #
40#
;i05«'
0#
89#
S3P-
larfi
3.00)5
85#
MOÿ
tm iw^»
@0#
10#
#*  ^
0#
100#
45#
0#
SI#
*6#
37 a .
M E D I U M
Tyroclc’s E a r l e ’ s E a r l e ’s  E a r le ’s
s o lu t io n  s o lu t io n  s o ln .  f  la c ta lb u m in
p r  ee o lo  s  t  îiy d r  o l y s a t  e .
E a r l e ’s  4 
Y east -i~ 
la c ta lb u m in .
97# 98# 100# 0# 0#
25^ » 1552* 11#*
48# 69# , 0# 0# Ofo
22#* 1 4 #* These had a  heavy p r é c i p i t â t e
47# , 85# 0# 0#
16#* - 8#* These had a  heavy p r e c i p i t a t e
88# 95?2 100# 57# 85#
105* 14# 0# 0# 0#
.Of
94^
55#
0#
100#
0#
0#
0#
(v e ry  dooomposefl)
Oÿ5 0#
(V ery decomposed)
0#
O'#
0#
0#
9Zfo
5 2 #
1005? 0# 05^
~ G o lle d , and p ro b ab ly  o f  low ered  i n f e c t i v l t y .
3 8 .
The concluslox i o f  t h i s  p a r t  o f  th e  exp erim en t was t h a t  
th e  f i r s t  f i v e  o f  th e  s o lu t io n s  u n d er experim en t a l l  seemed 
ca p ab le  o f  m a in ta in in g  t h i r d  s ta g e  D. v iv ip a ru s  l a r v a e ,  w ith in
th e  ran g e  o f  0 to  4^0 . a s  th e  optimum s to ra g e  te m p e ra tu re .
3 9 .
I t  wao a ls o  th o u g h t usofuX a t  t h i s  s ta g e  to  make a 
b r i e f  m o rp h o lo g ica l s tu d y  o f  B lc ty o c au lu e  v lv ip a ru B .
These were s e le c te d  i n  two irays ;
1 ) from  th e  la id d le  o f  th e  uterus o f  gravid 
fem ale  worms
2) from  b ro n e h ia l  mucus from  th e  f r e s M y  opened 
lu n g s  o f  r e c e n t ly  k i l l e d  c u l tu r e  ca lv es*  Once c o l l e c t e d ,  th e  
eggs were washed i n  norm al s a l in e  and examined i n  a  drop  o f  
s a l i n e .  P r io r  to  ex a m in a tio n , th e  s l i d e s  were k e p t a t  37^0 . on 
a  h o t p l a t e .  The ogg w a ll  c o n e is tc  o f  an  in n e r  v i t e l l i n e  
membrane and an  o u te r  e l a s t i c  membrane. The l a r v a  in s id e  each 
egg co u ld  u s u a l ly  be se e n  to  move, som etim es v e ry  v ig o ro u s ly .
The mean egg le n g th  was 0 2 .1 2  t  2 .0 1  m ic ro n s . The mean b re a d th  
was 4 7 .85  + 1 .2 3  m ic ro n s . These means were o b ta in e d  from  counts 
on 300 eggs from  f iv e  worms from  each o f  s ix  c a lv e s .
F i r s t  s ta g e  l a r v a e . H ost o f  th e  body o f  f i r s t  s ta g e  la rv a e  I s  
o ccu p ied  by c o a rs e  g ra n u le s ,  b e g in n in g  from  80 to  105 m icrons 
beh ind  th e  head  to  40 m icrons from  th e  t i p  o f  th e  t a i l .  The mean 
le n g th  o f  f i r s t  s ta g e  la rv a e  was 3 5 2 .5  ^  1 6 .4  m ic ro n s . F i r s t  
s ta g e  la rv a e  a r e  v e ry  a c t iv e  r e l a t i v e  to  t h i r d  s ta g e  la rv a e  a lth o u g h  
n e i th e r  i s  compæ?abl,e i n  a c t i v i t y  to  t h a t  o f  I n t e s t i n a l  helm ixith 
l a r v a o , such a s  T ric h o s tro n m rlu s  o r  HaoBionchua s p e c ie s .
T h ird  s ta g e  la rv a e *  L arvae a t  t h i s  s ta g e  have a  d oub le  o u t i e u la r  
membrane which i s  b e s t  a p p re c ia te d  on th e  in n e r  c u rv a tu re  a s  th e  
worm b en d s . The la rv a3 . o u t l in e  i s  s im i la r  to  th e  p re v io u s  s ta g e  
b u t th e  i n t e r n a l  s t r u c t u r e  i s  much more v i s i b l e  a s  th e  g ra n u le s  
a re  much d im in ish e d .
4 0 .
Thtî oesophagus i s  soen  f a i n t l y  aa a  t h i n  tu b e . The e x c re to ry  
p o re  l a  seen  a s  an  B-shaped s t r u c tu r e  ap p ro x im a te ly  75 m icrons 
from  th e  h ead . The r e c t a l  tu b e  and anus a r e  a i^proxlm ately  30-40 
m icrons from  th e  t a i l  ti%).
A du lt m a ies . 3?ifty  m ales from  10 c a lv e s  were m easured . A ll 
were sm ellier th e n  th e  fem a les  p re s e n t  i n  th e  same lu n g , a l l  
had a  y e llo w  t in g e  and s p ic u le s  were v i s i b l e  to  th e  naked eye 
a s  s h o r t  broim  s t r e a k s  a t  th e  p o s t e r i o r  end. The mean le n g th  
o f  th e  worais was 4 0 .4  ± 6 .5  mii. T h e ir  mean b re a d th  was 495 ±
3 0 .2  m ic ro n s . The w id th  o f  th e  b u c c a l c a p su le  was 1 9 .5  ± 1 .8  
m icrons and i t s  mean d ep th  was 1 0 .4  + 0 .8  m ic ro n s .
The le n g th  o f  th e  oesophagus was 945*2 l  61 .4  m ic ro n s . I t s  
minimum b re a d th  was 6 9 .2  ± 5 .4  m icrons w h ile  th e . maximum b re a d th  
was 147-4 t  1 1 .7  m ic ro n s .
The e x c re to ry  p o re  co u ld  u s u a l ly  be seen  f a i r l y  e a s i l y  i n  
th e  m idd le  t h i r d  o f  th e  o eso p h ag ea l le n g th  and l e s s  f r e q u e n t ly  
th e  n e rv e  r in g  eo u ld  be o b serv ed  aromud th e  oesophagus i n  th e  
r e g io n  o f  th e  p o re .
The s p ic u le s  were th ic k  and brown axid t h e i r  mean le n g th  was
225.0  ± 1 5 ,8  m ic ro n s .
A du lt fem aleso F i f t y  worms were m easured from  th e  same 10 c a lv e s .  
The fem a les  were a lw ays l a r g e r  and more opaque th a n  th e  m ales and 
were alw ays w h ite . The o p a c ity  and d o u r  were due to  th e  u t e r u s '  
b e in g  f M l  o f  eg g s . T h e ir  mean body le n g th  was 5 5 .5  t  7 .1  mm. and 
t h e i r  mean b re a d th  was 559 .2  ± 3 5 .1  m icro n s .
The b u c c a l c a p s M e , which s im i la r ly  was w ith o u t t e e t h ,  m easured
21 .2  i  3 .1  m icrons i n  w id th  and 9 .6  + 1 .5  m icrons i n  depth*
4 1 . .
I
O esophagus. The mean le n g th  was 935*4 ± 7 3 .1  m ic ro n s . The 
minimum b re a d th  was 7 8 .2  t  7 .8  m ic ro n s . Haxirama b re a d th  was 151*8 ± 
13*7 m ic ro n s . The e x c re to ry  p o re  and nex^ve r in g  were f a i r l y  
e a s i ly  v i s i b l e  a s  i n  th e  m a les , and were s im i la r ly  p o s i t io n e d  
w ith  r e l a t i o n  to  th e  oesophagus*
V ulva. T h is  was s i t u a t e d  s l l ^ i t l y  p o s t e r i o r  to  th e  m id -p o in t 
o f  th e  worm h av in g  a  mean d is ta n c e  from  th e  t a i l  o f  24 .2  ± 3*1 mm. 
The anus was c l e a r ly  v i s i b l e  a t  438 i  31*2 m ic ro n s , from  th e  t i p  
o f  th e  t a i l .
■* ' ' t
Anal p a p i l l a e  w ere c l e a r ly  v i s i b l e .  These were appro;?.iroately 
o p p o s ite  each  o th e r  and 174^ 14*1 m icrons from  th e  t i p  o f  th e  
t a i l .
4 2 .
tSection  I I .
T h is s e c t io n  o f  th e  t h e s i s  d e s c r ib e e  a  s e r i e s  o f  
ex p e rim en ts  d es ig n ed  to  t e s t  th e  im m unising powers o f  
x - i r r a d i a t e d  D. v iv ip a ru a  la rv a e  u n d e r  a  wide ran g e  o f  
c o n d i t io n s  aa  th e  v a c c in e  was t r a n s l a t e d  from  a  la b o ra to ry  
to o l  to  an  a p p l ie d  p ro d u c t.
The m ain f a c t o r s  im der c o n s id e ra t io n  w e re :-
1 ) q u a n t i ty  o f  i r r a d i a t i o n
2) number o f  l a r v a e  p e r  s in g le  im m unising 
dose
3) number o f  d o se s  per c a l f
4) i n t e r v a l  betw een d o s in g
5) th e  s i s e  o f  th e  c h a lle n g e
6) th e  method o f  a p p ly in g  th e  c h a lle n g e
7) th e  t im in g  o f  c h a lle n g e  a f t e r  v a c c in a t io n
8) th e  tim in g  o f  th e  f i n a l  k i l l  a f t e r  ch M len g e
The h a n d lin g  o f  th e s e  f a c t o r s  i s  d is c u sse d  im d er th e  in d iv id u a l  
ex p e rim en ts , b u t one f a c t o r  rem ained  c o n s ta n t ™ th e  q u a n t i ty  o f  
I r r a d i a t i o n .
P re v io u s  ex p e rim en ts  (v id e  su p ra )  had in d ic a te d  t h a t  l e s s  
th a n  20,000 ro e n tg e n s  d id  n o t i n a c t i v a t e  th e  la rv a e  s u f f i c i e n t l y  -  
th e y  reac h e d  th e  lu n g s  i n  m m bers and a c t i v i t y  ad eq u a te  to  
p roduce le s io n s  which r e s u l t  i n  coughing  and q u i te  markedly 
in c re a s e d  r e s p i r a t o r y  r a t e s  i n  th e  ca lv es*  60 ,000  ro e n tg e n s  
o v e r - a t te n u a te d  th e  la rv a e  so t h a t  th e y  e i t h e r  f a i l e d  to  maJxe th e  
i n i t i a l  i n t e s t i n a l  p e n e t r a t io n  o r  d id  p e n e tr a te  b u t d ie d  b e fo re  
e l i c i t i n g  an  a p p re c ia b le  im m ne re sp o n se .
43.
The effective range for Dictvocaulus v lv iparuslav between 20,000 and 40,000 
roentgens and, as larval inactivation appeared equally effective a t each 
level, the higher quantity was selected  on grounds of safety.
A discussion on irradiation quantity would be incom plete without a brief 
consideration of irradiation ra te . The upper level of the rate was partly 
determined by the output of the X-ray unit originally available -  a Newton 
Victor GX 10 -  which had an output in the order of 200 roentgens per minute. 
As th is rate had proved satisfactory  it was not changed in further experiments 
on Pictyocaulus vlviparus, even when machines of higher output became 
availab le, because there were other more urgent variables to  be considered.
44»
S s a s M f f i S a O .»  Am m egs m e a t L o f  t l i e  e m o a c .Y . .o f . . . a . .B l n g 3 .e
oW = W M â_osM l t l on8.
Xiî o rd e r  to  e s tim a te  th e  u t i l i t y  o f  v a c c in a t io n  a s  a  f i e l d  
procedure i t 'w a s  n e c e s s a ry  to  expose v a c c in a te d  c a lv e s  to  
n a t i i r a l  c h a lle n g e  w h ile  a im u lta n e o u s ly  em ploying some q u a n t i t a t iv e  
s ta n d a rd  o f  m easu ring  r e s i s t a n c e .  The f i r s t  way i n  which t h i s  
was done was a s  f o l lo w s : -
A number o f  c a lv e s  was in f e c te d  a r t i f i c i a l l y  and was th e n  a llow ed  
to  g ra z e  on a  p a s tu re  lo c a te d  w ith in  th e  g rounds o f  th e  V e te r in a ry  
H o s p ita l  and which was su b se q u e n tly  g razed  by g ro u p s o f  v a c c in a te d  
and c o n t ro l  ca lv es*  These l a t t e r  g roups were c l i n i c a l l y  examined 
th r e e  tim es  weeMy*
M a te r ia ls  and m ethods*
— ■HH'imii H il
F o r ty - f iv e  A y rsh ire  b u l l  c a lv e s  were bought when two to  seven  
days o ld  and were r e a r e d  p a r a s i t e - f r e e  by h o u s in g  i n  in d iv id u a l  
i s o l a t i o n  pens and fe e d in g  a r t i f i c i a l l y *  They were random ised 
in to  th r e e  g ro u p s o f  1 5 , v i s :  c a r r i e r s ,  v a c c in a te s  and c o n t r o ls .
C a rr ie rs *  The c a r r i e r  c a lv e s  were d iv id e d  in to  two su b -g ro u p s o f  
f i v e  and 10 , one l o t  b e in g  in f e c te d  w ith  4 ,000  norm al t h i r d  s ta g e  
la rv a e  45 days after th e  o th e r .
V accin a tes*  F i f t y  days b e fo re  b e in g  tu rn e d  o u t to  g ra z e , th e  
v a c c in a te  group were each  g iv e n  1 ,0 0 0  X - i r r a d la te d  la r v a e  a s  a  
s in g le  o ral, dose*
C o n tro ls*  These c a lv e s  r e c e iv e d  no tre a tm e n t o f  any k in d  b e fo re  
b e in g  tu rn e d  o u t to  gTaze.
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F iv e  c a r r i e r  c a lv e s  w ere p u t on 
to  a  th r e e  a c re  p a e tu re  f o r  40 days w h ile  t h e i r  f a e c e s  c o n ta in e d  
la rg o  numbers o f  l a r v a e .  These c a lv e s  were th e n  w ithdraw n mid th e  
rem a in in g  c a r r i e r s ,  v a c c in a te s  and c o n t ro ls  were a llo w ed  to  g raze  
th e  paddock. (The c o n t r o l  gz'oup now n m b ero d  12 s in c e  th r e e  had 
bean  d isp o se d  o f  by a c c id e n t . )
At a  c o n s e rv a tiv e  e s t im a te ,  200p00,Q00 la rv a e  were d e p o s ite d  
on th e  p a s tu re  by th e  c a r r i e r s ,  g iv in g  an  approx im ate  c o n c e n tr a t io n  
o f  1 ,3 0 0  la rv a e  p e r  sq u a re  f o o t .  T h is  was, o f  c o u rse , c o n s id e ra b ly  
augmented by th e  c a lv e s  o f  th e  o th e r  g roups which became in f e c te d  
d u r in g  th e  ex p e rim e n t. A ll  th e  c a lv e s  were g a th e re d  to g e th e r  
f o r  C 5llîiical and f a e c a l  ex a ird n a tlo n s th r e e  tim es w eekly; th e  
fa e c e s  were s u b je c te d  to  a  m o d ified  M efce te r te c îin lq u e .
R e s u l ts .*  . ii Ml III* I ,«ap»iiii II* II '1  iPM
The av erag e  f a e c a l  l a r v a l  l e v e l s  i n  th e  c o n t r o l  and v a c c in a te  
g roups a re  shown i n  g raph  1 . The h ig h e s t  l e v e l s  were reac h ed  a t  
44 days a f t e r  t h e i r  g ra z in g  o f  th e  p a s tu re  began and th e  d i f f e r e n c e  
betw een th e  two groupe i s  h ig h ly  s i g n i f i c a n t  a t  t h i s  p o in t .  The 
d i f f e r e n c e  would have been  even g r e a t e r  had n o t f o u r  o f  th e  most 
h ig h ly  in f e c te d  c o n t ro ls  d ie d  b e fo re  t h i s  p o in t .  The su c c e s s iv e  
d e a th s  o f  c o n t r o ls  a f t e r  t h i s  tim e caused  an u n u s u a lly  sh a rp  drop 
i n  th e  av e rag e  l e v e l  o f  th e  group* The peak la rv M  c o u n ts  and th e  
d u ra t io n  o f  th e  l a r v a l  co u n ts  i n  th e  two groups a r e  shown i n  
T ab les  I  and I I .  The av e rag e  r e s p i r a t o r y  r a t e s  o f  th e  two groups 
a r e  g iv e n  i n  g raph  2.
Ten o f  th e  12 c o n t r o ls  d ie d  betw een th e  2 7 th  and 73rd  day a f t e r  
b e in g  tu rn e d  o u t;  th e  s p e c i f i c  day on which d e a th s  o c c u rre d  and th e
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worm bu rd en s a re  re c o rd e d  i n  T ab le  I I I .  The m o r ta l i ty  r a t e  
i e  63/5. Three o f  th e  15 v a c c in a te s  d ie d , a  m o r ta l i ty  r a t e  
o f  20/^; d e t a i l s  are g iv e n  i n  T ab le I I I .
At p o e t mortem and su b seq u en t h i s t o l o g i c a l  ex a m in a tio n , th e  
lu n g s  o f  c a lv e s  d y in g  d u r in g  th e  experim en t had le s io n s  ty p ic a l , 
o f  p a r a s i t i c  b ro n c h i t is *  Xh a d d i t io n ,  th e  v a c c in a te  w hich d ie d  
50 clays a f t e r  ex posu re  showed w idesp read  a c u te  i n t e r s t i t i a l  
pneum onia.
The s u rv iv o r s  wore k i l l e d  when a l l  f a e c a l  c o u n ts  became 
n e g a t iv e .  One v a c c in a te  had two lungworms and th e  rem a in d er none; 
one o th e r  had a  em ail a r e a  o f  c o n s o l id a t io n  i n  a  d ia p lirag m a tic  
lo b e . Both o f  th e  c o n t r o ls  showed some c o n s o l id a t io n  b u t i n  
n e i th e r  was i t  sev ere^
D isc u s s io n .
Two l a w a l  v a r i a t i o n s  aare p o s s ib le  i n  t h i s  ty p e  o f  a t te n u a te d  
v a c c in e , th e  amount o f  X « ir r a d ia t io n  to  which in f e c t i v e  la rv a e  
were s u b je c te d  and th e  number o f  such  la rv a e  u sed  to  immunise each 
c a l f .  Both o f  th e s e  v a r i a t i o n s  would r e f l e c t  i n  th e  p o teh cy  and 
safety o f  th e  v a c c in e . I r r a d i a t i o n  f a c t o r s  have been  d is c u s s e d  i n  
th e  in t r o d u c t io n .  G oncerM ng la rv a ] , n m b e r ,  i n  th e  p re lim in a ry  
ex p e rim en ts  th e  v a c c in a t in g  dose was 4 ,000  i r r a d i a t e d  la rv a e  and 
t h i s  p roved  to  be 99^ e f f e c t iv e  tm der c e r t a i n  c o n d i t io n s ,  v i z .  i f  
c a lv e s  w ere chall©l1€>^4 w ith  4 ,0 0 0  norm al i n f e c t i v e  la r v a e  50 days 
a f t e r  v a c c in a t io n  and k i l l e d  a f t e r  a  f u r t h e r  30 d ay s , th e  worm 
b u rd en s were red u ced  from  an av erag e  o f  1 ,000  i n  c o n t r o ls  to  
ab o u t 10 .
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COhis was a  v e ry  a c c e p ta b le  d eg ree  o f  p r o te c t io n  b u t i t  
was f e l t  t h a t  th e  v a c c in e  dose f o r  u se  i n  th e  f i e l d  d u r in g  
e a r ly  t r i a l s  sh o u ld  be red u ced  to  1 ,0 0 0  la r v a e  s in c e ,  i f  a  
f a i l u r e  o f  a t t e n u t a t i o n  d id  o c c u r , t h i s  m m ber o f  l a r v a e  
would n o t p roduce f a t a l  d is e a s e .  M .s  dose was u se d  i n  th e  
p r e s e n t  experim en t to  a s s e s s  I t s  u t i l i t y  u n d er f i e l d  c o n d i t io n s  
o f  c h a lle n g e .
Who w ea th e r c o n d i t io n s  d u r in g  th e  co u rse  o f  t h i s  t r i a l  
were v e ry  conducive to  m a in ta in in g  a  liig h  l e v e l  o f  i n f e c t i v e  
la rv a e  on th e  p a s tu r e  and i t  i s  u n l ik e ly  t h a t  th e  l e v e l s  produced 
by th e  15 c a r r i e r s ,  a l l  s e v e re  o a s e s  o f  h u sk , a r e  o f te n  o b ta in e d  
u n d e r com m ercial fa rm in g  c o n d itio n s#  I t  i s  c o n s id e re d  t h a t  t h i s  
system  e f f e c te d  a  v e ry  v ig o ro u s  c h a lle n g e  to  a  v a c c in e  d es ig n ed  
f o r  f i e l d  u s e .
S uccess o f  such  a  v a c c in e  sh o u ld  be judged  by th r e e  
c r i t e r i a :  i t  m ust red u ce  o r  a b o l is h  m o r ta l i ty ;  i t  sh o u ld
d im in ish  th e  number o f  la rv a e  b e in g  d e p o s ite d  on th e  p a s tu r e  
BO t h a t ,  a f t e r  a  few y e a r s ,  any in d iv id u a l  farm  sh o u ld  have been 
l a r g e ly  c le a re d  o f  th e  d is e a s e ;  t h i r d l y  i t  sh o u ld  remove th e  
need  b o th  to  house and to  sim ply  supp lem en tary  fe e d in g  to  
s u s c e p t ib le  an im a ls  d u r in g  th e  g ra c in g  season*
The r e s u l t s  le a v e  l i t t l e  doub t t h a t  a  v e ry  h ig h  d eg ree  o f  
r e s i s t a n c e  was produced* \ l i e th e r  enougli immunity would be produced 
by a  v a c c in e  o f  t h i s  s t r e n g th  to  save a l l  c a lv e s  s u b je c te d  to  
i n f e c t io n  u n d er f i e l d  c o n d i t io n s  was a s  y e t  unknown, b u t i t  seemed 
t h a t  th e  v a c c in e  would be ca p ab le  o f  c o n s id e ra b ly  re d u c in g  
m o r ta l i ty .
5 0 .
Whe re a s o n  f o r  th e  a p p a re n t f a i l u r e  o f  th e  v a c e in e  to  p r o te c t  
th r e e  o f  th e  v a c c in a te  group i s  unknown. P a th o lo g ic a l  ex o ja ln a tio n  
o f  th e  lymph nodes and lu n g e  f a i l e d  to  r e v e a l  th e  r e a c t io n s  u s u a l ly  
seen  I n  v a c c in a te d  c a lv e s .
On th e  second c r i t e r i o n  o f  u t i l i t y  th e r e  i s  no d o u b t; th e  
l a r v a l  o u tp u t o f  th e  c o n t r o ls  was v e ry  s i g n i f i c a n t l y  g r e a t e r  th a n  
th e  v a c c in a te s ,  b o th  i n  numbers o f  la rv a e  a t  any one tim e  and th e  
le n g th  o f  tlBiG o v er w hich la rv a e  were e x c re te d .
fh e  t h i r d  c r i t e r i o n  i s  d i f f i c u l t  to  a s s e s s  i n  t h i s  t r i a l  
becau se  o f  th e  s e v e re  and p ro lo n g ed  n a tu re  o f  th e  c h a lle n g e  and th e  
f a c t  t h a t  c a lv e s ,  c a r r i e r s  and c o n t r o ls ,  were m a in ta in in g  p a s tu re  
l e v e l s  which would n o t o ccu r on a  farm  on which a l l  c a lv e s  were 
v a c c in a te d . I t  was e a s i l y  s e e n , how ever, a  f o r t n i g h t  a f t e r  th e  
t r i a l  began, t h a t  th e  v a c c in a te s  were i n  much b e t t e r  p h y s ic a l  
c o n d i t io n  th a n  th e  c o n t r o l s .  T h is  became l e s s  a p p re c ia b le  i n  th e  
m idd le p e r io d  b u t re c o v e ry  i n  th e  v a c c in a te d  group was f a i r l y  r a p id .  
The c l e a r  d i f f e r e n c e  i n  th e  r e s p i r a t o r y  r a t e s  betw een c o n t ro ls  and 
v a c c in a te s  shows th e  b e n e f i t  c o n fe r re d  by v a c c in a t io n .
VJhen s u rv iv in g  v a c c in a te s  w ere k i l l e d  th e r e  w ere v irtu a3 „ ly  no 
pulm onary l e s i o n s .  A p art from  th e  obv ious p o in t  t h a t  th e  an im ale  had 
been  p r o te c te d  i n  g r e a t  m easure a g a in s t  th e  e f f e c t s  o f  th e  p a r a s i t i c  
pneu3ïionla, t h i s  d em o n stra ted  t h a t  th e  v a c c in a t in g  dose o f  i r r a d i a t e d  
la rv a e  had produced  no perm anent h arm fu l changes i n  th e  lu n g s .
I t  ap p eared  from  th e  ex perim en t t h a t  t h i s  form  o f  v a c c in a t io n  
m iglit have an im p o r ta n t p a r t  to  p la y  i n  th e  c o n t r o l  o f  husk  i n  th e  
f i e l d ,  b o th  i n  re d u c in g  m o rb id ity  and m o r ta l i ty  and i n  re d u c in g  
p a s tu re  c o n ta m in a tio n  W .th la r v a e  on th e  fa rm s.
o f  f a e e e e  w antaii^ed la rv a e ,
^ e a k  lm *vel eounte. im  %W g r e i# .
m%mbw /  M lgW at % u& t « m r iW ê
1 ÿ/2 490
a g /2 100
s 9/3 250
4 S/3 1,900
5 1%/m 1,900
r> 12/13 2 ,6 # )
7 12/15 1,050
8 ?/12  ' ' 550
9 16/11 1 ,150
10 19/18 600
11 16/21 700
Ig a /20 lit )
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TABDB II Number of days on which faeoee ooataiaed larvae
Peak larval counts obtained in the vaccinate group*
Oalf
number
Days Positive/ 
/D gys sam pled
"I r -r i r r - r - T - r n r — rr-Tg-rrnT-ir r~gT — ■ - ti
H ig h es t co u n t re c o rd e d
15 3/4 250
14 8/9 650
15 10/11 1,550
16 16/22 1%600
17 16/22 800
18 12/21 250
19 8/22 250
20 7/22 200
21 6/18 250
22 8/22 100
25 5/22 100
24 5/22 100
25 5/22 150
26 2/22 150
27 2/22 100
5 3 .
T A 3 IM  III Time of death, and number of worms found in
lu n g s  a t  po8t«*mortem.
Calf Days after JSxpoaure
number Croup on which death occurred
Worm
Count
1 Control 26 1,200
3 Î 29 950
2 fr 29 1,560
•4 t» 30 4,670
5 it 47 2,100
8 I f 50 910
6 If 53 1,210
7 5Î 54 2,250
9 Î? 73 2,600
10 I f 73
ÆWHÜIII MWI m W m) JIL I,#f A,# W  #3»*!#» %*» * *  .Q»* M#
5,000
13 Vaccinate 30 1,660
14 f 47 840
15 f t 50 1,300
t e a s i a » t , . A »
._oX..«e.»tmû.. oMlleRm».
5eoomé imy la %@bloh the iitlllty of vaooln&tlon ae a
fie ld  w*m waa Isi a lar^e scsile fam=^  ti'lttl,
ThwiAgh tM llolcoa of their omi looal veteriai&r^ f 
40 fmimera ulllln#meo W  Moat of their
fam is  wero le o a te d  l a  j ^ ^ a h l r a ,  a a  a r e a  vhm'O p a r a o l t i e  h r o a c h l t i s  
;ma kaoim te be oademle; moreover the dlaeaeo had présent
on e&oh farm  t o  th e  p re v io u s  y e a r .
& 0  bmehEmdrgF o f  farm e l a  t h i s  r e ^ lo a  I s  gmoh t h a t  o e lv eo  
a r e  b o ra  l a  t w  f a i r l y  o o a f ln e d  im ves t o  -w in ter mid ep%'to^,
glvlag a dlehetomouB oalf po%mlatloa divided %)y an ag'^  (gap of 
appro%:lmmt03i.y 3 mos^ tho. ^he faa<f;ra, i#o wer# wry co'^ 'Oparatlve 
th5?m:#.oi&ta îmd ham% fa3,ly l:iformod of tlio nmt'aro of the trial 
tikoy hW Wm %'0<#8aWd to keep the oalw o todoora birth  
uiitiX attereieo direoted. An a miXo in  the m u th noat of SeotXanû 
mmw formers did 3%ot allow their eolvee out to gaoa nntil els 
or even 12 months o f a(# beoanee of the parooltlo bronOhltlo risk , 
BÙ thin rootrlctlon  %nm In no yay an tep-ojsitlon on them fey to*
!%at o f the oalveo were of tho Ayrshire breed and I'lero 
reared imdor varying m ndltlone of hTOfeamdry, nmmlly roooiving 
oolooetmm for two or three doyn before going mi to fenokot 
foGdlng. The larvae fo%* uoe to  th is ti'to l wore harvested freah 
each  v a o o ln a tln g  day a t  5 a#m. I r r a d i a t i o n  w ith  40# 000 ro en tg o n a  
%m.B oarrlect out between 6 and 10 a.m. then the larvae were taken 
feaok to the laboratory for ooimtlng* Donee of 1#000 larvae were 
mniio im in *30 DSL* of tan water and wore taken 1)y car to the
fa illis  i r m e d ia te ly ,  so 'th a t  v a c o im t lo n  was alw ays perform ed 
om th e  day o f  m anufacttxre. Samples o f  mxuse'd v a c c in e  were 
alw ays examined f o r  v i a b i l i t y  on r e tu r n  and were 95 to  100^ 
v ia b le  In  each  c a s e . The c a lv e  a were n o t tu rn e d  o u t to  g raz e  
u n t i l  f o u r  weeks a f t e r  v a c c in a t io n ,  f a e c e s  ex a m in a tio n s  were 
c a r r ie d  o u t by th e  J3aermann, Z inc s u lp h a te  f l o t a t i o n  and 
m o d ified  McMaster Biethods (se e  t e c h n ic a l  a p p e n d ix ) .
E x p erim en ta l p ro ced u re
The t r i a l  was perfo rm ed  d u r in g  te ro h  to  November o f  1957*
A ll  farm s wore v i s i t e d  once ' each month, when th e  c a lv e s  were 
I n d iv id u a l ly  f a e c e s  sajapled p e r  re c tw a  and t h e i r  c l i n i c a l  
s t a t u s  n o te d  w ith  p a r t i c u l a r  r e f e r e n c e  to  th o r a c ic  a u s c u l ta t io n  
and r e s p i r a t o r y  r a l e .  I n  t h e ' la b o ra to ry  th e  fa ,eces sam ples were 
bu lked  i l l  g roupe n o t u s u a l ly  ex ceed in g  f iv e  f o r  Naermonn 
ex a m in a tio n . T h is  was n e c e s s a ry  i n  view  o f  th e  la r g e  number o f  
f a e c e s  sam ples and th e  r e l a t i v e l y  l im i te d  la b o r a to r y  f a c i l i t i e s  
a v a i la b le *  Hov?ever, i f  one Baem am i fu n n e l was p o s i t i v e ,  th e  
component sa îap le s , whose numbers were known, eoul.d i f  r e q u ire d  
bo s u b je c te d  to  in d iv id u a l  z in c  s u lp h a te  f l o t a t i o n  and m od ified  
M cHaster e x a m in a tio n s , i l l  th e  c a lv e s  th ro u g h o u t th e  t r i a l  were 
r e a d i ly  i d e n t i f i a b l e  by numbers ta t to o e d  i n  t h e i r  e a r s  o r  i n  
some c a se s  by m e ta l e a r  t a g s .  H ost c a lv e s  were v a c c in a te d  o v er 
12 weeks o f  age and th e  v a c c in a t io n s  were perfo rm ed  betw een th e  
1 2 th  March and 1 9 th  A p r i l ,  a s  th e  crop  o f  w in te r  c a lv e s  came 
o f  in im unisable a g e , and betw een th e  4 th ,a n d  2 7 th  o f  Ju n e  f o r  
th e  s p r in g  c a lv e s .  On each farm  o n ly  h a l f  o f  th e  c a lv e s  o f  each 
wave were v a c c in a te d ._ These wore s e le c te d  a t  random and th e  
rem a in d er se rv e d  a s  c o n t r o l s .  i l l to g e th e r  596 o f  853 c a lv e s  were
56.
vaoG lnated  i n  th e  f i r s t  r im , and 155 o f  289 in , th e  second#
The d o s in g  was c a r e f u l ly  perfo rm ed  to  e n su re  t h a t  each  c a l f  
r e c e iv e d  a l l  i t s  l a r v a e .
Re s u i t  s . From th e  e x p e rim e n ta l T iew -p o in t 1957 was a  p o o r
y e a r  f o r  husk  an d , a lth o u g h  th e  d is e a s e  had o c c u rre d  on a l l  
th e  farm s th e  p re v io u s  y e a r ,  o n ly  25 o f  th e  t r i a l  farm s showed 
ev id en ce  o f  i n f e c t i o n  and o f  th e s e  o n ly  s ix  coul,d be s a id  to  
have e x p e rien c e d  o v e r t  o u tb re a k s  o f  p a r a s i t i c  pneum onia i n  th e
I
c l i n i c a l  s e n s e , Summarised d e t a i l s  o f  th e s e  s i x  fa rm s a r e  shown 
in  T able I .  I n  two o f  th e s e ,  ACr and AÏC i n  th e  ta b le ^  th e  
experim en t was te c h n ic a l ly  i n t e r f e r e d  w ith  when th e  fa rm e rs , 
q u i te  u n d e rs ta n d a b ly , c a l le d  i n  t h e i r  v e te r in a r y  su rg eo n  to  
t r e a t  th e  o u tb re a k  a t  i t s  o n s e t .  On© o f  th e  d ru g s  u sed  im s a  
c y a n ac o th y d ra z id e  compound w hich may p ro v id e  some a l l e v i a t i o n  by 
c a u s in g  th e  d is lo d g em en t o f  some o f  th e  a d u l t  worms i n  th e  m ain 
b ro n c h i. As th e  o n ly  q u a n t i t a t iv e  c r i t e r i o n  f o r  a s s e s s in g  th e  
p a r a s i t i c  s t a t u s  o f  th e  c a lv e s  i n  t h i s  p a r tic u 3 .a r  experim en t 
was based  on th e  f a e c a l  l a r v a l  c o im ts , such tre a tm e n t n u l l i f i e d  
q u a n t i t a t io n  on farm s AG and All. N e v e rth e le s s  c o n t r o ls  d ie d  on 
th e  two fa rm s. I t  was u n fo r tu n a te  t h a t  th e r e  was no o p p o r tu n ity  
to  examine p o s t  mortem th e  two v a c c in a te d  c a lv e s  w hich d ie d . In  
p a r t i c u l a r  i t  wou3.d have been i n t e r e s t i n g  to  se e  i f  t h e i r  lu n g s  
showed h i s t o l o g i c a l  ev id en ce  o f  r e a c t io n  to  th e  v a c c in e .
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T ab le I . D is t r ib u t io n  o f  c a s e s  on th e  s ix  o iitb re ak  farm s a s  
a s s e s s e d  by m o d ified  McMastor techn ique*
Farm number o f  n im ber HcM aster number o f  number M c fe s te r
Godo v a e o in a te e*  p o s i t i v e  c o n t r o l s .  p o s i t iv e  death*
Z 16 0 1 5 8 0
AI 8 1 8 6 1
(v acc in a te
AJ 12 0 15 6 0
AD 9 2 ?  5 1
( v acc in a te
/On th e s e  two farms 1 and 2 controls d ie d ,  r e s p e c t iv e ly . )  %
...r- ; The o th e r  c a lv e s  had been  ’H elm ox**treated  and were ) / «
“  Jn o t p o s i t i v e ;  ^kgouvvom
T o ta l 47 5 41 25 5
* * Helmox • -  I  • G • I  * cy a n ae o tiiy d ras id e  •
C a lves on a  f u r t h e r  17 farm s had f a e c a l  l e v e l s  o f  la rv a e  
which were d em o n strab le  on Baermonn ex am in a tio n  only* An i n i t i a l  
breakdown o f  th e s e  f ig u r e s  i n  s lio m  i n  T able I I .
T able II*  D is t r ib u t io n  o f  c a s e s  which were Baermami p o s i t iv e  on ly ,
Number o f  fa rm s ......................    .17
Number w ith  c o n t ro ls
only positive. ....   4
Number w ith  v a c c in a te s  
o n ly  p o s i t i v e . . . . . . . . . . . . . .  5
Nufiiber w ith  b o th  + v e .  .......... 10
A f u r t h e r  breaitdown o f  th e  Eaermann figu jpes r e v e a ls  t h a t
o u t o f  th e  v a c c in a te d  wave o f  w in te r  c a lv e s  on th e s e  farms th e r e
was a  t o t a l  o f  15 p o s i t iv e  Baexmiann ex am in a tio n s  compared to  51
p o s i t i v e  i n  th e  c o rre sp o n d in g  c o n t r o ls .  I n  th e  s p r in g  wave o f
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caXvea th e  p ic tu r e  i s  r a t h e r  d i f f e r e n t  i n  t h a t  s i x  o f  
th e  v a c c in a te s  were p o s i t iv e  and seven  o f  th e  c o n t r o l s .
I n  th e  seven  farm s where o n ly  one o f  e i t h e r  group c o n ta in e d  
p o s i t i v e  c a s e s ,  th e  number o f  p o s i t iv e  Baermamis d id  n o t exceed 
two on e i t h e r  s id e .
D isc u ss io n  and O onclusipn
i t  was d is a p p o in t in g  from  th e  expérim enta ,! p o in t  o f  view  
t h a t  e l in ic a J .  o u tb re a k s  o f  th e  d is e a s e  o c c u rre d  on o n ly  s ix  fa rm s.
However, th e  r e s u l t s  h e re  were en co u rag in g  i n  t h a t  th ey  in d ic a te d
a  s i g n i f i c a n t  d eg ree  o f  p r o te c t io n  i n  th e  v a c c in a te d  c a lv e s ,  a s  
shown i n  T able I I I .
T ab le  I I I .  P e rc e n t ago m o rb id ity  i n  v a c c in a te d  and c o n t ro l  c a lv e s
on 4 fa rm s , Z, A Ï, AJ and AD.
Group Number a t  Number w ith  c l i n i c a l  M o rb id ity
' r i s k  d is e a s e
V ac e ln a to s  48 5
C o n tro ls  45 27 62fo
Those r e s u l t s  a r e  h ig h ly  s i g n i f i c a n t  i f  on3.y th e  r e le v a n t  
fo u r  o r  s ix  farm s a re  u sed  to  o b ta in  d a ta .  They a re  n o t s i g n i f i c a n t  
i f  a l l  40 farm s a r e  in c lu d e d j how ever, a s  each  in d iv id u a l  farm  oou ld  
be c o n s id e re d  a s  a  c lo se d  experim en t i t  was th o u g h t re a s o n a b le  to  
in c lu d e  on3.y th o s e  farm s w ith  th e  c l i n i c a l  d is e a s e .
R egard ing  th e  17 Baermann p o s i t iv e  fa rm s, i t  was i n t e r e s t i n g  
t h a t  th e  r e s u l t s  o f  th e  w in te r  c a lv e s  appeared  to  show a  t r e n d  
fa v o u ra b le  to  th e  v a c c in e  w hereas v a c c in a te s  and c o n t r o ls  i n  th e  
s p r in g  c a l f  g roups ap p eared  e q u a lly  a f f e c t e d .
5 9 ,
D e ta ile d  ex am in a tio n  o f  th e  in d iv id u a l  re c o rd s  shows t h a t  th e  
s p r in g  c a l f  f ig u r e s  a r e  o b ta in e d  from  f iv e  fa rm s , where^ th e  
c a lv e s  i n  q u e s tio n  were al3. v a c c in a te d  on 4 to  7 /6 /5 7  and showed 
la r v a e  i n  t h e i r  f a e c e s  on 5 to  1 4 /8 /5 7 . S u b tra c t io n  o f  th e  24-day 
p r e p a te n t  p e r io d  o f  D. v iv in a ru s  g iv e s  a  mean p e r io d  betw een 
v a c c in a t io n  and c h a lle n g e  o f  44 days f o r  th e s e  a f f e c te d  s p r in g  
c a lv e s .  I t  m ust be borne i n  mind t h a t  t h i s  i s  a  t h e o r e t i c a l  
maximum v a c c in e /c h a lle n g e  i n t e r v a l  and assum es t h a t  th e  c a lv e s  
were sam pled on th e  f i r s t  day o f  p a ten cy . The t r u e  v a c o in e / 
c h a lle n g e  i n t e r v a l  p ro b ab ly  l a y  betw een 50 and 40 d a y s , w hich i s  
p o s s ib ly  to o  s h o r t  ae  complement f ix in g  a n tib o d y  a t t a i n s  a  maximum 
l e v e l  betw een 80 -  100 days a f t e r  s in g le  in f e c t io n ^
I n  a d d i t io n  th e  l a t e r  v a c c in a te d  c a lv e s  ware tu rn e d  on to  
p a s tu re  on which th e  l a r v a l  l e v e l s  had a].ready a p p re c ia te d  from  
c a lv e s  o f  th e  w in te r  group> so th e  fo rm er d id  n o t have th e  b e n e f i t  
o f  a  more g ra d u e l p a r a s i t i c  a c c l im a t i s a t io n .  The m ain c o n c lu s io n s  
from  t h i s  t r i a l  w ere : «
1) t h a t  th e  v a c c in e  i t s e l f  appeai'ed  s a fe  to  u se  u n d e r norm al fa rjn in g  
c o n d i t io n s .  No brealcdowns i n  a t te n u a t io n  were found and no untow ard 
v a c c in e  r e a c t io n s  occurred*
2) t h a t  th e  v a c c in e  co u ld  c o n fe r  an  a p p re c ia b le  d eg ree  o f  
p r o te c t io n  to  a  n a t u r a l  c h a lle n g e  in f e c t io n .
5) t h a t  th e  s p r in g  c a lv e s  m igh t be a t  a  te m p o ra l d is a d v a n ta g e , which 
co u ld  p o s s ib ly  be overcom e e i t h e r  by in c r e a s in g  th e  v a c c in e  dose o r  
by g iv in g  two spaced  d o se s .
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Expereiment 5 . ïo  i n v e s t j ^ , t e  th e  p r o te c t io n  o f  B in s ie  and
doub3.e v a o c ln a t lo î i .  imo].udln,q: th e  
e f f e c t  v a ry in g  th e  s i z e  o f  th e  second dose*
:*,M # 'i#»iiTi k*A*%%mY:**5v*ir:n*%i:nrr3:#AT:'*Kt v
a g a in s t  a  Iilgh  c h a lle n g e  In fe c t io n *
The dose o f  v a c c in e  (1 ,0 0 0  la rv a e )  used  i n  ex p e rim en ts  5 
and 4 was p ro b ab ly  s u f f i c i e n t  to  p r o te c t  th e  majority of an im als  
a t  r i s k ,  b u t  i t  wae known t h a t  i n  th e  endeBiic a r e a s ,  sxich as
B ontlM fost S c o tla n d , some c a lv e s  a re  exposed to  "very large
in f e c t io n s  ( a s  many a s  6 ,000  worms b e in g  found a t  poet-m orteDi) 
and th e s e  wo*o3»d r e q u i r e  a  g r e a t e r  d eg ree  o f  p r o te c t io n .  For t h i s
pu rpose  th e  u se  o f  doub le  v a c c in a t io n  was n e x t explored s in c e  i t
had been ahomi ( J a r r e t t ,  J e n n in g s , M cIn ty re , M u llig an , Thomas and 
TJrquhart 1959) t h a t  an  im p o rta n t f a c t o r  i n  th e  irmuunlty a g a in s t  
Dé v iv ip a ru s  i s  th e  tim e ta k e n  f o r  th e  an am n estic  re sp o n se  to  
d e v e lo p . A f te r  an  i n i t i a l  i n f e c t i o n  (a s  was m entioned  above) the 
complement f i x in g  a n tib o d y  t i t r e  does n o t re a c h  i t s  maximum p o in t  
u n t i l  ap p ro x im a te ly  80-100 d ay s ; w ith  su b seq u en t r e in f e c t io n s  t h i s  
tim e i s  red u ced  to  10 -  14 d ay s . The aim i n  doub le  v a c c in a t io n  
was to  have an anima3.., when tu rn e d  o u t to  graze, capable o f 
a t t a i n i n g  a  h ig h  l e v e l  o f  imm unity x fith in  a  f o r tn ig l i t  o f  in g e s t in g  
i n f e c t iv e  l a r v a e , th u s  p re v e n t in g  th e  es te ib lihhm en t o f  a d u l t s  i n  
th e  b ro n c h i. I n  p re l im ln a iy  expoz'im ents ( J a r r e t t ,  Jennings, M cIn ty re , 
M ulligan  and h rq u d ia r t, 1960b) an a c c e p ta b ly  h ig h  d eg ree  o f  imm unity 
had been  produced w ith  a  s in g le  v a c c in a t in g  dose o f  4#000 i r r a d i a t e d  
l a r v a e ,  b u t t h i s  dose gave r i s e  to  pujjaonary c o m p lic a tio n s  w hich, 
though m ild , m ight have caused some a la rm  to  s to ck o w n ers .
M ater i a l s  and M ethods.
F i f t y  A ^rrshire c a lv e s  were bought x-rhen th r e e  days o ld  and
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were raised parasite-free i n  in d iv id u a l  i s o l a t i o n  stalls.
T h ird -s ta g e  i n f e c t i v e  l a r v a e  o f  D . v ivipmzuB were 
ax0.tured and s u b je c te d  to  a  dose o f  40 ,000  ro e n tg e n s  from  an 
X -ray  so u rc e .
The m ethods o f  a d m in is te r in g  la rv a e  to  th e  c a lv e s ,  
e s t im a t in g  f a e c a l  l a r v a l  o u tp u ts ,  co u n tin g  the xxumber o f  worms 
in th e  b ro n c h i and exam ining th e  c a lv e s  f o r  c l i n i c a l  and p a th o ­
l o g i c a l  changes a r e  a s  d e s c r ib e d  i n  th e  te c lm io a l  ap p en d ix .
The f i f t y  c a lv e s  were a l l o t t e d  to  f i v e  g roups o f  10 . At 
th e  commencement o f  th e  exp erim en t (Day 0 ) ,  each  c a l f  i n  group 
one was g iv en  1 ,0 0 0  i r r a d i a t e d  la rv a e *  Each c a l f  was g iv en  a  
f u r t h e r  dose o f  4 ,0 0 0  i r r a d i a t e d  la rv a e  42 days l a t e r .  On day 
9 3 f each  c a l f  was c h a lle n g e d  w ith  10 ,000  norm al i n f e c t i v e  t h i r d -  
s ta g e  la rv a e *  The ex perim en t was te rm in a te d  by l o l l i n g  th e  c a lv e s  
on day 126* At t h i s  tim e f i n a l  f a e c a l  l a r v a l  ex am in a tio n s  were 
made, th e  number o f  worms i n  each  p a i r  o f  lu n g s  was c o u n te d , and 
an a ssessm en t o f  th e  d eg ree  o f  pulm onary c o n s o l id a t io n  was made 
u s in g  a, l e s io n  sc o re  method# (v id e  t e c h n ic a l  a p p e n d ix ) . H is to ­
l o g i c a l  ex am in a tio n  was made o f  a f f e c te d  lu n g  t is s u e *
The c a lv e s  o f  g roups 2 and 3 were treated s im i la r ly  ex cep t 
t h a t  t h e i r  second v a c c in a t in g  d o ses  were 2 ,000  and 1 ,0 0 0  i r r a d i a t e d  
l a r v a e , r e s p e c t iv e ly .
The c a lv e s  o f  g ï’oup 4 were g iv e n  o n ly  th e  initial i r r a d i a t e d
1 ,0 0 0  la r v a e  a t  day 0 , with no f u r t h e r  d o se , and were ch a lle n g ed  
w ith  10 ,000  norm al la r v a e  a s  b e fo re  on day 95*
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Group 5 was clavlded in to  two su b -g ro u p s , A and B. Each o f  
th e  f i v e  c a lv e s  i n  group A was g iv e n  10 ,000  normal la rva©  on day 
95 and th e  f iv e  c a lv e s  o f  group B were g iv en  5 ,000  normal larvae. 
Anim als i n  th e  subgroup which were in f e c te d  w ith  5 ,000  norm al la rv a e  
wore in c lu d e d  i n  c a se  a  heavy m o r ta l i ty  sh o u ld  r e s u l t  among th e
10 ,000  c h a lle n g e  group d u rin g  th e  p re p a te n t  p e r io d ;  i n  th e  l a t t e r  
Case a  q u a n t i t a t iv e  a ssessm en t o f  re sp o n se  to  c h a lle n g e  would have 
been im p o s s ib le , ae  an  a c c u ra te  worm coun t co u ld  n o t have been 
o b ta in e d .
D uring  th e  c o u rse  o f  th e  e x p e rim en t, a  c l i n i c a l  ex am in a tio n  
was c a r r ie d  o u t on each  c a l f  tw ic e  weelcly; th e  i r e s p ira to ry  r a t e  
and th e  d eg ree  o f  c o u p lin g  was n o te d . Bach c a l f  was weighed once
w eekly from  two weeks b e fo re  c h a lle n g e  u n t i l  th e  end o f  th e
ex p e rim en t.
I n  a d d i t io n  to  th e s e  c a lv e s ,  two o th e r  g roups (6 and 7) were 
u sed  't;o c o n t r o l  th e  v i a b i l i t y  o f  th e  la rv a e  u sed  i n  making th e  
two b a tc h e s  o f  v a c c in e  and to  g iv e  com parisons betw een group 
r e s p i r a t o r y  r a te s *  Bach c a l f  i n  group 6 was g iv e n  4 ,0 0 0  i n f e c t iv e  
la r v a e  a t  day 0 and th e  c a lv e s  o f  group 7 were g iv e n  4»000 norm al
la rv a e  on day 42è
The d e s ig n  o f  th e  experim en t i s  summ arised i n  Tab3,e I .
R e s u l ts .
4SH *%■ i2>r .^iv^«SL.'?4s - r »
The r e s p i r a t o r y  r a t e s  o f  th e  co rre sp o n d in g  g roups a re  sh o rn  
i n  g raphs 5 to  8 . In  re sp o n se  to  th e  f i r s t  v a c c in a t io n ,  th e r e  was 
an  in c re a s e  i n  r e s p i r a t o r y  r a t e  i n  each  o f  th e s e  g ro u p s which 
reach ed  i t s  maximum ab o u t th e  1 8 th  day.
6 5 . .
There was no s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e  i n  re sp o n se  
betw een th e s e  groups* T h is  t r a n s i e n t  r i s e  i n  r e s p i r a t o r y  r a t e  
h a s  been n o tic e d  i n  a lm o st a l l  c a lv e s  v a c c in a te d  by t h i s  method 
and i s  due to  a  few i r r a d i a t e d  la rv a e  re a c h in g  th e  lu n g s  and 
p ro d u c in g  th e  quiclcly  r e s o lv in g  a lv e o la r  and b ro n c h ia l  l e s i o n s ,  
which a r e  d e s c r ib e d  i n  P a r t  I I I  o f  t h i s  t h e s i s .  The r e s p i r a to r y  
r a t e  f e l l  away to  norm al by ab o u t th e  2 5 th  day , w hereas i n  th e  
c o n t ro l  group (Group 6) th e  r e s p i r a t o r y  r a t e  c o n tin u e d  to  r i s e ^  
re a c h in g  a  maximum betw een th e  5 0 th  and 4 0 th  day^ when a  f u l l y  
p a te n t  i n f e c t io n  had  developed*
A f te r  th e  second  v a c c in a t in g  dose in  g ro u p s 1 ,  2 and 5 th e re  
was an  a p p a re n t r i s e  i n  r e s p i r a t o r y  r a t e  re a c h in g  a  pealc betw een 
60 and 70 d ay s , b u t t h i s  i s  n o t s i g n i f i c a n t l y  d i f f e r e n t  from  th e  
r e s p i r a t o r y  r a t e  o f  c a lv e s  i n  group 5 (g rap h  7) which reac h ed  50 
p e r  m inu te  a t  t h a t  tim e d u rin g  a  s p e l l  o f  warm w eather* The 
c a lv e s  o f  t h i s  l a t t e r  group (d e s t in e d  to  be th e  c h a l le n g e }c o n t r o l ) 
had n o t a t  t h a t  tim e been i n t e r f e r e d  t f i th  e x p e r im e n ta lly  i n  a^iy way. 
A f te r  c h a lle n g e  w ith  10 ,000  la r v a e  on th e  95rd  d ay , th e r e  was no 
r i s e  I n  r e s p i r a t o r y  r a t e s  o f  c a lv e s  i n  g ro u p s 1 , 2 and 5 ,. w hereas 
i n  g ro u p s  4 and 5 th e r e  was a  marked r i s e .  On a u s c u l t a t io n  a t  t h i s  
tim e , no ab n o rm a lity  was d e te c te d  i n  any ca3-ves i n  th e  f i r s t  th ro e  
g ro u p s; marked c l i n i c a l  r e s p i r a t o r y  a b n o rm a li t ie s  were p re s e n t  in  
c a lv e s  i n  g roups 4 and 5. The c a lv e s  o f  group 5A were c o n s id e re d  to  
be m oribund s h o r t ly  b e fo re  th e  te rm in a t io n  o f  th e  ex p e rim en t.
The t o t a l  and p e rc e n ta g e  w eigh t g a in s  o f  th e  g roups a r e  shovm 
i n  T able XI. The c a lv e s  i n  th e  double v a c c in a t io n  g ro u p s g a in ed  
ap p ro x iraa te ly  18^ i n  w eigh t d u r in g  t h i s . t i m e .  Those i n  th e  s in g le  
v a c c in a t io n  group g a in ed  7 .6 ^  and th e  c h a lle n g e  c o n t r o ls  g a in ed  5*0^,
64.
P a r a s i t o lo g i c a l  R©su3.ts. A h ig h  d eg ree  o f  p r o te c t io n  a g a in s t  
th e  c h a lle n g e  in f e c t i o n  was produced a s  shown i n  T ab le  I .  In  
g roups 1 , 2 and 3 no worms were found i n  th e  lu n g s  a t  n ec ro p sy  
and no la rv a e  ap p eared  i n  th e  f a e c e s  o f  th e s e  a n im a ls . In  
group 4f p a te n t  i n f e c t io n s  deve loped  and a  mean o f  820 worms 
was fo u n d ’a t  n ec i’opsy a f t e r  c h a lle n g e ; t h i s  r e s u - l t ,  how ever, 
m ust be i n t e r p r e t e d  i n  the, l ig ^ i t  o f  th e  p a th o lo g ic a l  f in d in g s .
In  g roups 5A and 5B se v e re  i n f e c t io n s  d ev e lo p ed ; i t  was. 
im p o ss ib le  to  a s s e s s  th e  t o t a l  number o f  worms p r e s e n t  i n  3A 
a s  many were im m ature and were v i s i b l e  o n ly  on h is to 3 .o g ic a l  
ex am in a tio n .
P a th o lo  .scical Re s u i t s . In  g roups 1 , 2 and 5 th e r e  were v i r t u a l l y  
no l e s io n s  a t  p o s t  mortem and h i s t o l o g i c a l  exam j.nation o f  th e  
lu n g s  f a i l e d  to  show any s ig n s  o f  an  i n f e c t io n  h av in g  been 
e s ta b l i s h e d .  I n  group 4 , th e  l e s i o n  sc o re  was a lm o st th e  same 
a s  t h a t  i n  g ro u p s 5A and 5B in d ic a t in g  t h a t ,  m acroscop icaX ly , 
th e  d eg ree  o f  c o n s o l id a t io n  was th e  same In  th e  group g iv en  one 
dose o f  v a c c in e  a s  I t  was i n  th e  c h a lle n g e  c o n t r o l s .  However, 
h i s t o l o g i c a l  ex am in a tio n  showed th e  l e s io n s  to  be q u a l i t a t i v e l y  
d i f f e r e n t  i n  th e  two g ro u p s.
M icroscop ic  ex am in a tio n  o f  s e c t io n s  from  c a lv e s  i n  group 4 
re v e a le d  t h a t  th e  m a jo r i ty  o f  th e  worms i n  th e  b ro n c h i were 
dead o r  d y in g ; th e  l e s io n s  produced were th o s e  o f  marked 
eosinophi3 . leu lcoey te  i n f i l t r a t i o n  in to  th e  b ro n c h i and desquaxaation 
o f  th e  b ro n c h ia l  e p i th e l iu m . There was l i t t 3 . e  ev id en ce  o f  a lv e o la r  
c o n s o l id a t io n  o f  th e  ty p e  n o riû a lly  found i n  p rim ary  lungworm 
in f e c t io n s .  The c o lla p s e d  lo b u le s ,  which acco u n ted  f o r  th e  '
h ig h  l e s io n  s c o re ,  were caused  by b ro n c h ia l  p lu g g in g  w ith  
d e g e n e ra te  e o s in o p h il  pus* T h is  a t y p i c a l ,  ex a g g e ra te d  re sp o n se  
to  worms dy ing  i n  s i t u  i n  th e  lu n g s  w i l l  be d e s c r ib e d  i n  g r e a te r  
d e t a i l  i n  P a r t  I I I .  I t  i s  knomi to  r e s o lv e  i n  a  much s h o r t e r  
tim e th a n  th e  l e s io n s  produced  by a  norm al i n f e s t a t i o n  o f  
D* v i v i 'Parus. The se v e re  pneuraonias reco rd ed  i n  g ro u p s 5A and 
5B a r e  i n  k eep in g  w ith  p re v io u s  ex p e rien ce  o f  th e  e x p e rim e n ta l 
d is e a s e  ( J a r r e ? t t ,  M cIntyre , and b rq u lia r t ,  1957) *
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T ab le  I .  P a r a a l to lo ^ 'lo a l  and } ?a th o lo g ica l R e s u l ts  o f  th e  
C hallenge In fe c tio n *
Group
"m w  ■I'.m p w *  i ,i# # i ■ ,.i# ?& cn cw n«wPt '9M?\a:WT:!]H^>fMA4Kn^5&w#t M r# #,7^ :* a e -v y ,p K a # fa K * * A k fifa * K » :^ &2r * t ^ k „ . Ln:^
f a a b e r  o f  la rv a e  Mean Mean , Mean
larvae number l e s io n
1 s t  v a c c in e  2nd v a c c in e  cha3.1enge s c o re ,
“ ...............................................   O.i* c^CiUJ. V
f a e c e s  worms 
a t
n ec ro p sy
1 1 ,000 4 ,000 10 ,000 0 0 0 .1
2 1 ,0 0 0 5,000 10,000 0 0 0 .1
3 1 ,0 0 0 1 ,0 0 0 10,000 0 0 0 .2
4 1 ,0 0 0 » 10,000 289 820 7 .5
5A 10 ,000 494 897 7 .2
5B •* - 9,000 500 1,020 7*2
T ab le  I I . T o ta l  group w e ig h ts  and p e rc e n ta g e  w e i# i t  g a in s .
ei>out> ïotal Groxip Weigjits 
L, at challenge (Ih)
T o ta l  Group W eights Group
a t  s la u g h te r  ( lb )  wed.giit g a in s  #
1 2 ,720 5 ,227 1 8 .6
2 2 ,652 5 ,1 1 0 1 7 .2
3 2 ,656 5 ,092 1 7 .5
4 2 ,497 2,664 7*6
5 2 ,607 2,758 5*0
7 0 .
17iscus£?ion^
The r é s u l t a  g iv en  above in O lo a te  t h a t  th e  a d m in is t r a t io n  
o f  two (loses o f  i n f e c t i v e  la r v a e  o f  D# v iv l jm ru a , p a i^ t ia l ly  
i im o t lv a te d  by i r r a d i a t i o n ,  p roduced a  l e v e l  o f  iM mmilty which 
en ab led  th e  c a lv e s  to  m th s ta n d  a  h ig h  c h a lle n g e  I n f e c t io n .  The 
e l i i i i .o a l  e f f e e t a  o f  v a c c in a t io n  were m ild  even i n  Group 1 I n  which 
th e  oGGond dosG mm 4»000 la rv a e*  The t r a n s i e n t  r io o  In  r e s p i r a t o r y  
r a t e  and o c c a s io n a l  cough, would paae u n n o tic e d  u n d e r p r a c t i c a l  fa rm in g  
c o n d i t io n s .
A moBt p e r t in e n t  compairison i s  t h a t  betw een Groups 3 and 4 1 th o  
c a lv e s  r e c e iv in g  o n ly  a  s in g le  v a c c in a t io n  w ith  1 ,0 0 0  la r v a e  were 
overwhelmed by th e  c h a l le n g e ,  w hereas th o s e  r e c e iv in g  a  second close 
o f  I p 000 were e lm o s t co m p le te ly  i*efracto:cy to  th e  c h a lle n g e  n eed .
Ho d i f f e r e n c e  was found In  re sp o n se  to  th e  c h a lle n g e  b e tw een >th e  th r e e  
g roups r e c e iv in g  d oub le  v a c c in a t io n ,  lïacl th e  c h a lle n g e  boon g r e a t e r  
i t  p i'obab ly  woul.d have s e p a ra te d  th e a e  th r e e  groupa*
The d i f f e r e n c e  I n  w eigh t g a in s  betw een th e  d o u b le  v a c c in e  g roups
and th e  c o n t r o l  and s in g le  vacuJ ".a g roups i s  le a n t*  vIeigHt
g a in s  I n  h ie  s to c k  a r e  one o f  th e  prim e c o n s id e ra t io n s  o f  th e  farm er#
I t  i s  p ro b a b le  tlx a t ovon a  m ild  a d u l t  lungworm burden  co u ld  d e p re s s  
th e  r a t e  o f  g row th  w ith o u t c a u s in g  o v e r t  a ig n s  o f  d ia e a e e  i n  c a t t l e ,  whl 
burden  would n o t e z i s t  In  th e  immune an im al. In  one s e n s e , and w ith o u t 
c o n f in in g  d la c u a a lo n  to  th e  Imigworm, th e  p a r a s i t i s e d  fmlmal which 
shows obvious s ig n e  o f  d is e a s e  i s  a  f a i r l y  oxtrem o ea se .-  Much o f  
paa:*aBitlom xe co n fin e d  i n  i t s  e f f e c t  to  th e  * G -land betw een
h e a l th  and d is e a s e  w h ere in  a ls o  I lo o  th e  f a rm e rs ’ p r o f i t .
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E xperim ent 6 . B a rg e -a e a le  tm c o n tro lle d  f i e l d  t r i a l  u e ln g  two 
vac e i n a t I n g d p  sea  o f  1 ,0 0 0 I r r a d i a te d  l a r v a e .
T h is ezpo rim en t was perform ed d u r in g  th e  summer and autumn o f  
1998 on l i n e s  v e ry  s im i la r  to  th e  farm  t r i a l  d e e c r ih e d  i n  Experim ent 
4* However, th e re  were s e v e r a l  m ajor p o in ts  o f  d i f f e r e n c e .
1) T h is  t r i a l  was v e ry  much l a r g e r ,  in v o lv in g  o v e r
8 ,0 0 0  c a lv e s  on 204 farm s s c a t t e r e d  th ro u f^ io u t 
S co tla n d  i n  a r e a s  ra n g in g  from  C r ie f f ,  P e r th ­
s h i r e ,  to  B tran i’a e r ,  H ig tow nsk ire
2) A ll  c a lv e s  on th e  farm s were v a c c in a te d  and a l l  
v a c c in a t io n  was d o u b le .
5 ) R o u tih e  f a e c e s  sam pling  was n o t  perfo rm ed  un].es8 
c l i n i c a l  s u s p ic io n s  were a ro u se d .
4) The v a c c in e  was n o t i r r a d i a t e d  i n  Glasgow. T h is  
was because  th e  p ro c e s s  was b e in g  s c a le d  up f o r  
p o s s ib le  cofiM ereial p ro d u c tio n . C onsequen tly  th e  
v a c c in e  was p re p a re d  by th e  s c i e n t i f i c  s t a f f  o f  
Allen & Hanburys l t d . , u n d e r th e  d i r e c t i o n  of D r.
D. P o y n te r .
In  th e  p re v io u s  ex p e rim en ts  d e s c r ib e d , th e  nwBbers o f  an im als  
v a c c in a te d  were r e l a t i v e l y  sm a ll , th e  l a r g e s t  b a tc h  o f  v a c c in e  p re ­
p a re d  a t  any one tim e by th e  a u th o r  b e in g  on ly  900 d o se s . T h is  
q u a n t i ty  o f  la rv a e  co u ld  be eu lt 'u re d  f a i r l y  e a s i l y  on a  la b o ra to ry  
s c a le  .O o n sid erab le  work was in v o lv e d  i n  a d a p tin g  th e  p ro c e s s  f o r  
com m ercial u se  and t h i s  t r i a l  was d es ig n ed  l a r g e ly  to  t e s t  two f a c t o r s i
1 ) The s a f e ty  o f  th e  v a c c in e  u n d er a. wide ran g e  o f  
fa rm in g  husbandry  and u n d er th e  a l t e r e d  c o n d i t io n s  
o f  f a c to r y  p ro d u c tio n .
2) The p r a c t i c a b i l i t y  o f  f a c to r y  p ro d u c tio n , p ac k in g  and 
t r a n s p o r t .
72*
M a te r ia ls  and M ethods.
The c a lv e s  were from  m ost o f  th e  common B r i t i s h  b re e d s  o f  
b o th  d a i ry  ^md b e e f  ty p e s .  As b e fo re  th e  fa rm e rs , who had € ill 
been  c o n ta c te d  th ro u g h  t h e i r  omi v e te r in a r y  surgeon® , were i n s ­
t r u c te d  to  kee%) th e  c a lv e s  in d o o rs  u n t i l  a f t e r  th e  co m p le tio n  
o f  v a c c in a t io n .  The v a c c in e  was c o n ta in e d  i n  50 m l. b o t t l e s  i n  
c a rd b o a rd  boxes o f  12 . E ig h te e n  such boxes were c r a te d  i n  wood 
w ith  one o f  th r e e  ty p e s  o f  p ack in g  m a te r ia l ,  wood-wool, s tra w , 
o r  co rk , each  to g e th e r  w ith  s e v e r a l  p o ly th e n e  ic e -b ag s*  The 
cra te®  were alw ays s e n t  by n i g h t - t r a i n  from  lo n d o n  and w ere c o l l ­
e c te d  from  Glasgow C e n tr a l  s t a t i o n  a t  6 .0 0  a.m* A ll  c r a t e s  were 
opened and 10 te m p e ra tu re  m easurem ents were made o f  th e  v acc in e  
i n  d i f f e r e n t  part®  o f  th e  c r a t e .  The te m p e ra tu re s  were w ith in  
th e  ran g e  6 to  1 0 ^ 0 ., i r r e s p e c t i v e  o f  th e  p ack in g  m a te r ia l  u se d , 
and t h i s  ran g e  was deemed q u i te  s a t i s f a c t o r y ,  l a r v a l  count® and 
v i a b i l i t y  checks were perfo rm ed  on ap p ro x im a te ly  o f  th e  v ia l® , 
random ly s e le c te d ,  from  each  c r a t e  asad were a ls o  s a t i s f a c t o r y .
E x p erim en ta l p ro c e d u re .
The 204 farm s s e le c te d  had a  h i s t o r y  o f  p a s t  s e v e re  p a r a s i t i c  
b r o n c h i t i s .  The c a lv e s  were v a c c in a te d  tw ic e . F o r p r a c t i c a l  re a s o n s  
th e  v a c c in e  i n t e r v a l  x-fas red u ced  from  42 to  28 days* A ll farm s were 
v i s i t e d  on av e rag e  once ev e ry  month w ith in  th e  e x p e rim e n ta l p e r io d .
A® s ta t e d  above, r o u t in e  f a e c e s  sam pling  was n o t p erfo rm ed .
R e s u l t s .
1958 was a  y e a r  i n  w hich t h e r e  was a  w idesp read  h ig h  in c id e n c e  
o f  p a r a s i t i c  b r o n c h i t i s .  D e sp ite  t h i s ,  how ever, th e r e  was no m ajor 
breakdown i n  im m unity xdiere th e  c a lv e s  had been g iv e n  two d o ses b e fo re  
b e in g  exposed to  c h a lle n g e .
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Many o f  th e s e  farm®, e s p e c ia l ly  in  th e  i\y rah ;lre and Wigtox-mshiro 
r e g io n s ,  were f r e e  o f  p a r a s i t i c  b r o n c h i t i s  f o r  th e  f i r s t  tim e f o r  
ma.ny y e a r s .  Q u ite  a p a r t  from  th e  drop  in  m o rb id ity  and m o r ta l i ty ,  
th e  fa rm e rs  r e p o r te d  red u ced  fe e d in g  b i l l s  s in c e  su p p lem en tary  
fe e d in g  had been  c u t ;  c a lv e s  d id  n o t r e q u ir e  to  be r e a r e d  o r  
removed in d o o rs  and an im als  co u ld  be l e f t  lo n g e r  a t  p a s tu re  th a n  
i n  p re v io u s  y e a r s .
D isc u s s io n .
As t h i s  ex p erim en t was uiB C ontrolled th e r e  was no way o f  so 
q u a n t ify in g  th e  r e s u l t s  t h a t  an  a c c e p ta b le  d eg ree  o f  o b j e c t i v i t y  
co u ld  be a p p l ie d .  F or t h i s  re a s o n  th e  t r i a l  i s  o n ly  b r i e f l y  
d is c u s se d  h e r e .  Hoxmver, i t s  p rim ary  o b je c t  was to  a c t  a s  a  
s a f e ty  t e s t  and i t  was v e ry  im p o rta n t b o th  from  t h i s  a s p e c t  and 
from  th e  f a c t  t h a t  i t  s a t i s f a c t o r i l y  showed t h a t  th e  v a c c in e  was 
c a p a b le  o f  b e in g  produced  and d i s t r i b u t e d  on a  s c a le  l a r g e  enough 
f o r  p o s s ib le  com m ercial m a n u fa c tu re .
E a r l i e r  i n  t h i s  s e c t io n  o f  th e  t h e s i s  i t  xms shown t h a t  a  
h ig h  d eg ree  o f  imm unity co u ld  be g a in ed  i n  la b o ra .to ry , paddock and 
farm  ex p e rim en ts . The xmrk p r e s e n t ly  u n d er d is c u s s io n  was com plem entary 
to  th e  p re v io u s  r e s u l t s  i n  t h a t  i t  d em o n stra ted  th e  c a p a b i l i ty  o f  
t h e i r  b e in g  a p p l ie d  a s  a  p r a c t i c a l  m easure on a  wide s c a le .
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ExperlBient 7 . A o o n tr o l le d  p a s tu re  t r i a l  o f  th e  i r r a d i a t e d  
l a r v a l  v a c c in e  u s in g  two im m im islng doses  a g a in e t  a  n a tu r a l  
c h a lle n g e  i n f e c t i o n *
E xperim ent 5 in d ic a te d  t h a t  i f  a  p rim ary  dose o f  v a c c in e  
was fo lloxm d  by a  second dose g iv e n  s ix  weeks l a t e r ,  com plete  
p r o te c t io n  a g a in s t  a  heavy c h a lle n g e  r e s u l t e d .  The c h a lle n g e  
m ight be c o n s id e re d  an  *a r t i f i c i a 3 - ’ one in  t h a t  th e  la r v a e  were 
a d m in is te re d  a s  a  s in g le  l a r g e  d o se , a lth o u g h  i t  i s  p ro b a b le  t h a t  
i t  p ro v id ed  a  more se v e re  t e s t  o f  r e s i s t a n c e  th a n  i f  a  s im i la r  
number o f  l a i ’vae was sp re a d  o v e r s e v e r a l  d ay s .
Howevers ah o p p o r tu n ity  a ro s e  to  t e s t  th e  two dose p ro ced u re  
u n d e r  natu reû , f i e l d  c o n d i t io n s  when a  h e a v ily  in f e c te d  p a s tu re  became 
a v a i l a b l e .  In  th e  l a t e  summer and autumn o f  1998, 58 o u t o f  40 
c a lv e s  on t h i s  f i e l d  had d ie d  o f  p a r a s i t i c  b r o n c h i t i s ;  t h i s  
m o r ta l i ty  r a t e  i s  seldom  seen  u n d e r farm  c o n d i t io n s  and i t  was 
th ro u g h  t h a t  t h i s  pastui*e m ight g iv e  a  r ig o ro u s  c h a lle n g e  to  th e  
v a c c in e  u n d e r n a t u r a l  c o n d i t io n s  o f  in g e s t io n  o f  l a r v a e .  D esp ite  
th e  f a c t  t h a t  i t  was r a t h e r  l a t e  i n  th e  se a so n , th e  fo llo w in g  
experim en t was c a r r ie d  o u t .
M a te r ia ls  and M ethods.
I # *'I KKKmi ". 11IM1.1 m\ 111 |mnani*
C alves Î Ten j ly r s h ir e  c a lv e s  o f  abou t e ig l i t  weeks o f  age wore 
u se d . I t  had been  s ta n d a rd  p r a c t i c e  th ro u g h o u t th e  p a r a s i t i c  p r o je c t  
to  buy c a lv e s  f o r  ex p erim en t when u n d er a  week o ld  and to  r e a r  them 
w o m -fre o  u n t i l  r e q u i r e d .  As th e  p r e s e n t  t r i a l  was u n d e rta k e n  a t  
s h o r t  n o t ic e  t h i s  co u ld  n o t be done, so th e  an im a ls  were bought from  
coraiEorcial h erds*  We h ad , t h e r e f o r e ,  on ly  th e  f a rm e rs ' xford t h a t  th e y  
had n o t been  i n  c o n ta c t  w ith  g r a s s  o r  d is e a s e d  s to c k .
7f>.
le v e r tla e le sB  c a r e f u l  f a e c a l  ex am in a tio n  by th e  Baeriaann 
te c h n iq u e  o f  each  c a l f  on th r e e  o co ae io n s  p r i o r  to  th e  commence­
ment o f  th e  ex p erim en t revealed no ev id en ce  o f  lungw om  larvae#
P a s tu r e ;  T h is  was fo u r  a c re s  o f  perm anent p a s tu re #  Much 
o f  th e  g r a s s  had a l re a d y  been e a te n  o f f  so t h a t  c o n c e n tra te  and 
hay had to  be s u p p lie d j  each c a l f  r e c e iv e d  2 l b .  o f  r e a r in g  
c o n c e n tra te  each  m orning and 2 l b .  o f  hay each  evening*
V accine ; F iv e  o f  th e  c a lv e s  were g iv e n  two d o se s  o f  v a c c in e  
p re p a re d  by th e  a u th o r ,  There was an i n t e r v a l  o f  50 days betw een 
d o s in g . Each dose c o n s is te d  o f  1 ,0 0 0  t h i r d  s ta g e  l a r v a e  which 
had been  s u b je c te d  to  40 ,000  ro e n tg e n s  o f  X -ray s .
P a r a s i to lo g y ;  M odified  McMaster and s ta n d a rd  s in e  f l o t a t i o n ,  
Baeimiann and worm c o u n tin g  m ethods were u se d .
R e s u l ts .
On th e  2 0 th  O ctober th e  10 c a lv e s  were tu rn e d  o u t to  g ra s s  
on th e  in f e c te d  p a s tu re  20 days a f t e r  th e  v a c c in a te a  had re c e iv e d  
t h e i r  second d o se . R e s p ira to ry  symptoms were n o t ic e d  15 days l a t e r  
and one c o n t ro l  c a l f  d ie d  on th e  1 8 th  day from  se v e re  p r e - p a te n t  
h u sk . A p o r t io n  o f  one lu n g  was B aereiannised and 265 im m ature a d u l t  
lungiTorms w ere recovex^ed to g e th e r  w ith  an  ap p ro x im a te ly  eq u a l numiber 
o f  e a r ly  f i f t h  s ta g e  fo rm s. Many more were seen  on h is to lo g ic a l ,  
ex a m in a tio n , w hich a l s o  re v e a le d  se v e re  pu],monary oedema and h y a l in e  
membrane fo rm a tio n , i . e .  th e  t y p i c a l  l e s io n  o f  th e  se v e re  p r e - p a te n t  
s ta g e  o f  th e  d is e a s e .
Between th e  1 8 th  and 2 0 th  day on p a s tu re  th e  mean r e s p i r a t o r y  
r a t e s  o f  b o th  g roups had r i s e n  to  65 p e r  m in u te . (Gx^aph l ) .  That o f  
th e  v a c c in a te  g roups th e n  began to  f a l l  and by day 47 th e  v a c c in a te
7 6 .
mean r a t e  m o  49 w h ile  th e  c o n t r o ls  reach ed  a  peak  o f  85 p e r  
m inute*
The v a c c in a te s  were n o t o b se rv ed  to  e x c re te  l a r v a e  i n  t h e i r
»
f a e c e s  a t  any tim e  d u r in g  th e  ex p e rim en t. On th e  5 0 th  day two o f  
th e  fo u r  s u rv iv in g  c o n t r o ls  had c o u n ts  o f  200 and 400 la r v a e  p e r  
gram , r e s p e c t iv e ly ,  and on th e  4 4 th  day th e  group mean ro s e  to  
500 p e r  gram (T ab le  I ) * One c o n t ro l  rem ained a p p a re n tly  u n in fe c te d  
th ro u g h o u t.
The c a lv e s  were k i l l e d  50 days a f t e r  b e in g  p u t on th e  p a s tu re  
and th e  worms i n  t h e i r  lu n g e  were co u n ted ; th e  r e s u l t s  a r e  shown 
i n  T ab le XX* M ature worms were n o t found in  th e  v a c c in a te s  ifhereas 
th e  c o n t r o ls  had a  mean burden  o f  442, Iim uaturè worms were found 
i n  two o f  th e  v a c c in a te s .
Over th e  w hole t r i a l  th e re  was a  mean w eigh t g a in  o f  58^6 in  
th e  v a c c in a te s  a g a in s t  3Bfo i n  th e  c o n t r o ls ;  i n  th e  f i n a l  fo u r  weeks 
th e  fo rm er g a in e d  9^ and th e  l a t t e r  0.7f^*
PiscuEm ion.
 ^ One d i f f e r e n c e  betw een t h i s  doub le  v a c c in e  ex p erim en t and t h a t  
d e s c r ib e d  a s  ex p erim en t 3 was t h a t  th e  p re s e n t  c h a lle n g e  i n f e c t io n  
was 'n a l u r a l S  i* e .  i t  was e s ta b l i s h e d  by th e  in ta k e  o f  l a r v a e  from  
g ra s s  o v e r  a  p e r io d .  T h is  c h a lle n g e , how ever, m ust have come soon 
a f t e r  th e  c a lv e s  were tu rn e d  o u t a s  one d ie d  i n  th e  p r e p a te n t  phase eon 
th e  1 8 th  day; t h i s  d e a th  i s  co m p a tib le  w ith  a  m assive  i n f e c t io n  in  
th e  f i r s t  few days* The m a jo r i ty  o f  th e  c a lv e s  w ere r e a c t in g  
c l i n i c a l l y  i n  th e  t h i r d  week end t h i s  a ls o  i n d i c a t e s  e a r ly  in g e s t io n  
o f  i n f e c t iv e  la rv a e *
7 7 .
Four a c re s  i s  a  f a i r l y  l a r g e  f i e l d  f o r  10 c a lv e s  and i t  i s  q u i te  
p o s s ib le  t h a t  th e r e  \ i^ b a  c o n s id e ra b le  q u a n t i t a t iv e  v a r i a t i o n  i n  
l a r v a l  i n t a k e ,  p a r t i c u l a r l y  i n  view  o f  th e  su p p lem en tary  fe e d in g  ‘ 
r e q u i r e d .  H ev o rtlie le se  i t  seems lu i l ik e ly  t h a t  c o n t r o l  c a l f ,  2 , 
which had n e i th e r  la r v a e  i n  i t s  f a e c e s  n o r  a d u l t s  o r  iBimature form e 
i n  i t s  lu n g e , f a i l e d  to  in g e s t  i n f e c t iv e  l a r v a e .  I t  i s  p o s s ib le  
t h a t  i t  had some immxmity from  th e  s t a r t  s in c e ,  a s  e x p la in e d  above, 
th e  d e ta i l e d  h i s t o r y  o f  each  an im al was n o t Im om  f o r  c e r t a i n .
The Im m ature worms found i n  two o f  th e  vaqoinates may have 
r e s u l t e d  from  in g e s t io n  o f  la rv a e  l a t e  i n  th e  ex p erim en t b u t i t  i s  
more re a s o n a b le  to  co n c lu d e , from  th e  f a c t s  a l re a d y  o u t l in e d ^ th a t  
th e y  wore p ic k ed  up soon  a f t e r  th e  c a lv e s  went o u t and t h a t  in îa ib i t io n  
o f  developm ent o c c u rre d . In lx ib i t io n  a r i s e s  from  an a p p ro p r ia te  
b a la n c e  betw een th e  d eg ree  o f  im m unity p o sse sse d  by th e  in d iv id u a l  
and th e  siiso  o f  th e  i n f e c t i n g  dose ; i t  h as  been w e ll  documented 
e x p e r im e n ta lly  i n  M in n o strongy lus m u ris  i n f e c t io n s  { Taliaferro and 
B a r le e , .1939)* T h is  phenomenon h as  been  n o te d  a f t e r  c h a lle n g e  o f  
calves v a c c in a te d  by a  s in g le  dose o f  i r r a d i a t e d  la rv a e  b u t n o t when 
doub le  v a c c in a t io n  h a s  been fo llo w ed  by a  h ig li (1 0 ,0 0 0  la r v a e )  
c h a lle n g e  (ex p erim en t 5 ) .  I t  i s  th e r e f o r e  l i k e l y  t h a t  c a lv e s  7 and 10; 
whose lu n g s  c o n ta in e d  im m atw e imrms, in g e s te d  a  v e ry  l a r g e  number o f  
i n f e c t iv e  l a r v a e .  T h is  i s  s u b s ta n t ia te d  by th e  c l i n i c a l  f in d in g s .  I t  
h a s  been  n o tic e d  r e g u la r ly ,  ae  i n  experim en t 5 , t h a t  when v a c c in a te d  
an im als  a r e  exposed to  heavy in f e c t io n s  th e r e  I s  a  s h o r t  sh a rp  r i s e  
i n  r e s p i r a t o r y  ra te *  T h is  i s  due to  some la rv a e  re a c h in g  th e  lu n g s  
b u t soon d y in g  t h e r e ; i t  w i l l  be a m p lif ie d  i n  P a r t  I I I .  The degen­
e r a t i n g  worms s e t  up a  marked e o s in o p h il  leu lcocy te  r e a c t io n  which 
le a d s  to  some b ro n c h ia l  p lu g g in g  and a lv e o la r  co3 ,lapse .
78*
T his u s u a l ly  p a s s e s  o f f  q u ic k ly  and th e  c a lv e s  r e tu r n  to  normal* 
S e v e ra l farmer® in v o lv e d  i n  th e  f i e l d  t r i a l s  th o u g h t t h a t  husk  was 
ab o u t to  hre^dc o u t i n  v a c c in a te d  c a lv e s  h u t had t h e i r  f e a r s  a l la y e d  
w ith in  a  week.
A re sp ira to j^ y  re sp o n se  o f  t h i s  ty p e  was o b serv ed  i n  v a c c in a te d  
oaJ.ves 7 and 1 0 , whose r e s p i r a t o r y  r a t e s  sudden ly  in c re a s e d  to  110 
and 85 p e r  m in u te , r e s p e c t iv e ly ,  d u r in g  th e  t h i r d  week on p a s tu re *
One o f th e  o th e r  th r e e  v a c c in a te d  c a lv e s ,  number 8 , showed a  m oderate 
and t r a n s i e n t  r e s p i r a t o r y  in c re a s e  a t  t h i s  time*
A f a c t o r  which m ight be o f  c o n s id e ra b le  im p o rtan ce  i n  th e  
developm ent o f  ad eq u a te  immunity i s  th e  i n t e r v a l  betw een th e  v a c c in e  
doses* S e ro lo g ic a l  s tu d i e s  o f  complement f i x in g  a n t ib o d ie s  (and i t  
shoixld be n o te d  t h a t  th e s e  do n o t n e c e s s a r i ly  co rre sp o n d  w ith  th e  
absoDaxto l e v e l  o f  imm unity p o sse sse d  by an an im al) i n d ic a t e  t h a t  th e  
h ig h e s t  t i t r e  i s  re a c h ed  100 days a f t e r  p rim ary  in f e c t i o n  o f  th e  
s u s c e p t ib le  c a l f  ( J a r r e t t ,  Je m iin g s , M cIn ty re , M u llig an , Thomas and 
IJrq u h art 1959)* S ubsequent r e - i n f e c t i o n s  a re  a s s o c ia te d  w ith  a  
seco n d ary  re sp o n se  iJhich re a c h e s  a  peak aftex" ab o u t 14 days* Two 
d o ses  o f  i I r r a d ia te d  la r v a e  w ith  a  s ix -w eek  i n t e r v a l  betw een do n o t 
th em se lv ee  g iv e  r i s e  to  a  h ig h  l e v e l  o f  complement f i x in g  a n tib o d y , 
b u t  th e  p a t t e r n  a f t e r  cha-llenge i s  t h a t  o f  a  f u l l  seco n d ary  response*  
III th e  c o n t r o l le d  dosage c h a lle n g e  experim en t w ith  doub le  v a c c in a tio n  
(ex p erim en t 5) an  i n t e r v a l  o f  42 days was d ec id e d  upon, w hereas i n  th e  
p re s e n t  ex p erim en t th e  s e a s o n a l tim e  f a c t o r  n e c e s s i t a t e d  th e  second 
dose o f  v a c c in e  b e in g  g iv e n  5 0  days a f t e r  th e  f i r s t *
7 9 .
I t  i s  im p o ss ib le  so f a r  to  draw a  f i n a l  conG liieion a s  to  th e  
optim im  tim e  i n t e r v a l  betw een v a c e ln e  d o ses  a s  t h i s  co u ld  be done 
01x7  ^ when, a  u n ifo rm  c h a lle n g e  dose i s  employed a g a in s t  c a lv e s  tw ice  
v a c c in a te d  a t  d i f f e r e n t  i n t e r v a l s .  I t  i s  o f te n  n e c e s s a ry  on 
in d iv id u a l  farm s to  u se  th e  s h o r te r  tim e in te rva l!, o f  th e  p r e s e n t  
ex p erim en t and i t  izas en c o u ra g in g  to  n o te  t h a t  i t  ap p ea red  to  be 
a s s o c ia te d  w ith  c o n s id e ra b le  p r o te c t io n .
In  ex p erim en t where a  s im i la r  ty p e  o f  paddock t r i a l  was 
d e s c r ib e d  u s in g  s in g le  v a c c in a t io n ,  one s i g n i f i c a n t  d i f f e r e n c e  
betw een v a c c in a te s  and c o n t r o ls  was t h e i r  f a e c a l  la rv a l ,  o u tp u ts .
T h is  d i f f e r e n c e  was even more marked i n  th e  p r e s e n t  ea se  s in c e  th e  
v a c c in a te s  d id  n o t  have la r v a e  i n  t h e i r  f a e c e s  on any o f  th e  s i x  days 
on w hich ex am in a tio n s  w ere made. On th e  farm  t h i s  would have two 
m ain co n seq u en ces; f i r s t ,  th e  o v e r a l l  p a s tu r e  l e v e l  o f  i n f e c t i v e  
l a r v a e  would foe red u ced  and i n  a r e a s  where o v e r -w in te r in g  o f  la rv a e  
on th e  p a s tu re  o c c u rs  i t  i s  p o s s ib le  t h a t  one o f  th e  main so u rc e s  o f  
new o u tb re a k s  would be red u ce d j se c o n d ly , th e  b u ild -u p  o f  i n f e c t io n  
by autumn c a lv e s  i n  th e  s p r in g  would be m arkedly  low ered  and th e  
s u s c e p t ib le  s p r in g  c a lv e s  would n o t  foe exposed to  th e  h ig h  l e v e l s  o f  
i n f e c t io n  which o f te n  cau se  se v e re  ou tbrealcs where m ixed-age g ra c in g  
i s  p r a c t i s e d .
To th e  fa rm in g  in d u s t r y  th e  t o t a l  c o a t o f  p a r a s i t i c  b r o n c h i t i s  
i s  made up o f  a  number o f  com ponents in c lu d in g  m o r ta l i ty ,  e x t r a  f e e d in g , 
v e te r in a r y  ex p en ses and th e  low ered  grow th r a t e  o f  ma^iy a f f e c t e d  a n im a ls . 
The l a t t e r  i s  o f te n  o b v io u s f o r  many months a f t e r  th e  a c u te  s ta g e  o f  
th e  d is e a s e  h a s  p a s se d . The b e n e f i t  o f  v a c c in a t io n  i n  th e  l a s t  r e s p e c t  
was u n d e r l in e d  i n  t h i s  exporim en t by th e  f a c t  t h a t  i n  th e  f i n a l  f o u r
80 .
weeks th e  v a c c in a te s  g a in ed  a  mean o f  o f  t h e i r  body w e ig h t, 
r e p r e s e n t in g  ab o u t 1 6 .5  l b s .  e ach , w h ile  th e  s u rv iv in g  c o n t r o ls  
g a in ed  o n ly  0 .7 # .
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14 Died a f t e r  18 days on p a s tu r e .  265 
im m ature a d u l t s  and ap p ro x im a te ly  250 
e a r ly  f i f t h  s ta g e  form s reco v e re d  from  
Baermann ex a m in a tio n  o f  one d ia p h ra g ­
m a tic  lo b e  o n ly .
8 2 ,
B m m m  op p a r ï  i ï  '
S e c tio n  I .
B xperlm ent 1* L o ngev ity  t e s t a  on im h arv eo ted  f i r s t  and
#A* Mfi I o n  «K. «V# w )  (U3b «K  ^PT:#
t h i r d  s ta g e  D. .y iy in a r i is  la rv a e  in d ic a te d  t h a t  s to r a g e  o f  la rv a e  
i n  f a e c e s  was n o t a  p r a c t i c a l  and r e l i a b l e  t e c h n iq u e . ,
SSE2'£î^9Bi«S• L o n g ev ity  t e s t e  on h a rv e s te d  t h i r d  s ta g e  la r v a e
s to r e d  i n  e ig h t  d i f f e r e n t  m edia a t  v a ry in g  te m p e ra tu re s , in d ic a te d  
t h a t  th e  c o n t ro l  s o lu t io n  o f  Glasgow ta p  w a te r  (GfW) p re se rv e d  th e  
la r v a e  ap p ro x im a te ly  a s  w e ll a f t e r  28 days a t  0 to  4^0* a s  d id  
p h o sp h a te  b u f f e r  s o lu t io n ,  f y r o d e 's  s o lu t io n ,  B a rle y s  s o lu t io n  
and GfW w ith  added a n t ib io t i c s *  GOT ( ’n e a t* )  was th e r e f o r e  chosen  
a s  th e  medium f o r  a l l  l a r v a l  h a n d lin g  p ro c e d u re s .
S e c tio n  I I*  (A ll  th e  ex p e rim en ts  i n  t h i s  s e c t io n  c a r ry
th e z r  own d is c u s s x o n , whrtoh xb cum ulavzve 
from  one to  a n o th e r . )
E xperim ent 3* A s m a l l - s c a le  p a s tu re  t r i a l  o f  a  p a r a s i t i c
« t a w f e a » , »  l» M  M l M l MWHHitfcM “  “
b r o n c h i t i s  v a c c in e  i s  d esc rib ed *  The v a c c in e  was made by s u b je c t in g  
t h i r d  s ta g e  i n f e c t i v e  la r v a e  o f  D, v lv lp a iu s  to  40 ,000  ro e n tg e n s  o f  
I o n is in g  r a d i a t i o n  from  an  X -ray  s o u rc e . A s in g le  dose o f  1 ,000  
l a r v a e ,  so a t te n u a te d ,  was g iv e n  to  each  o f  15 c a lv e s  w ith  
a p p r o p r ia te  c o n tro ls *  A c o n s id e ra b le  d eg ree  o f  p r o te c t io n  was 
c o n fe r re d  on th e  v a c c in a te s  a s  a s s e s s e d  by c l i n i c a l  and p a th o lo g ic a l  
f in d in g s ,  m o r ta l i ty ,  m o rb id ity , f a e c a l  l a r v a l  co u n ts  and worm b u rd en s .
'  A l a r g e r  s c a le  t r i a l ,  u s in g  a  s in g le  dose o f  
s im i la r ly  i r r a d i a t e d  la rv a e  was c a r r ie d  o u t on 40 farm s on each  o f  
which o n ly  h a l f  o f  th e  c a lv e s  a t  r i s k  were v a c c in a te d .  A t o t a l  o f  
531 c a lv e s  r e c e iv e d  v a c c in e  and th e r e  were 591 c o n t r o l s .
8 3 .
Ü 3 .in iaa lly  a p p re c ia b le  p a r a s i t i c  pneumonia, o c c u rre d  on s ix  o f  
th e  farm s w ith  a  m o rb id ity  o f  6# i n  th e  v a c c in a te  a and 62# in  
th e  c o n t r o l s .  T h is  was a  r e s u l t  h ig h ly  s i g n i f i c a n t  i n  th e  
v a c c in e  *B favour#
E xperim ent 5* There were in d ic a t io n s  on t h e o r e t i c a l  and
4^  ftm> # #  ¥,m • m m »  -mn .
p r a c t i c a l  gounds t h a t  th e  im m unity c o n fe r re d  by a  s in g l e  dose 
o f  1 ,0 0 0  i r r a d i a t e d  la r v a e  m igh t n o t s ta n d  up to  e i t h e r  an 
u n u s u a lly  h ig h  c h a lle n g e  o r  to  a  modal c h a lle n g e  coming to o  
Boon a f t e r  v a c c in a t io n .  A c c o rd in g ly , a  p ro ce d u re  o f  doub le  
vac  c in a t io n  wars a p p l ie d  a g a in s t  th e  h ig h  c h a lle n g e  le v a ], o f
1 0 .0 0 0  in f e c t i v e  l a r v a e . The v a c c in e  was g iv e n  to  th r e e  g roups 
o f  c a lv e s  i n  two d o se s ; a l l  c a lv e s  were g iv e n  1 ,0 0 0  i r r a d i a t e d  
la rv a e  ae th e  f i r s t  dose  and 4 ,0 0 0 , 2 ,0 0 0 , and 1 ,0 0 0  r e s p e c t iv e ly  
ae  th e  second dose# A f o u r th  group o f  c a lv e s  r e c e iv e d  a  s in g le  
v a c c in e  d o se . A ll  th e  tw ic e  v a c c in a te d  c a lv e s  were co m p le te ly  
r e s i s t a n t  to  i n f e c t i o n  on c h a lle n g e  w ith  th e  1 0 ,0 0 0  la rv a e *  The 
s in g le  v a c c in e  group and th e  c o n t r o ls  were h e a v i ly  in fe c te d #  The 
c h a lle n g e  wa.B n e v e r th e le s s  n o t h ig h  enough to  d i f f e r e n t i a t e  th e  
th r e e  d o u b le -d o sed  groups*
E xperim ent 6 . T h is  i s  a  b r i e f  d e s c r i p t i o n ' o f  a  3 „arge-sca le
. ' '
f i e l d  t r i a l  u s in g  two v a c c in a t in g  d o ses  o f  1 ,0 0 0  la rv a e #  In  t h i s  
ex p erim en t th e  v a c c in e  was n o t p re p a re d  by th e  au tho r*  A ll  o f  o v er
8 .0 0 0  c a lv e s  on 204 farm s re c e iv e d  th e  co u rse  o f  v acc in e*  The t r i a l
was d es ig n ed  l a r g e l y  to  t e s t  two fa c to r s *
1 . The s a f e ty  o f  th e  v a c c in e  u n d e r a  wide ra n g e  o f  fa rm in g  
co n d itio n s*
2* The p r a c t i c a b i l i t y  o f  f a c to r y  p ro d u c tio n , p ac k in g  and 
t r a n s p o r t .
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T his was p a r t l y  a  t e s t  o f  th e  s c a l in g  up p ro ced u re  
in v o lv e d  i n  a d a p tin g  th e  p ro c e s s  to  p o s s ib le  comm­
e r c i a l  p ro d u c tio n . .
From t h i s ' v ie w p o in t and t h a t  o f  p re v e n t in g  th e  disease, th e  t r i a l
was v e ry  s a t i s f a c t o r y  a lth o u g h  c r i t i c i s m s  o f  i t s  o b j e c t i v i t y  a re
d is c u s s e d .
SEEÊE&B2BÏ-.Z" An o p p o r tu n ity  a ro s e  to  t e s t  th e  p ro ced u re  
o f  d oub le  v a c c in a t io n  a g a in s t  a  n a t u r a l  c h a lle n g e  o f  g r e a t  m agn itude . 
Two g roups o f  c a lv e s ,  one a p p r o p r ia te ly  v a c c in a te d , were p u t to  
g ra s e  oxi a  p a s tu r e  on which a  s e v e re  e p iz o o t ic  o f  p a r a s i t i c  b r o n c h i t i s  
had r e c e n t ly  o c c u rre d . There was a  marked d i f f e r e n c e  i n  c l i n i c a l  
s ig n s ,  f a e c a l  l a r v a l  o u tp u ts  ( a l l  th e  v a c c in a te s  were McMaster 
n e g a tiv e  th ro u g h o u t) ,  worm b u rd en s ( th e  v a c c in a te s  c o n ta in e d  no 
adults a t  p o s t-m o rtem ), grow th r a t e s  and m o r ta l i ty  i n  fa v o u r  o f  
th e  v a c c in a te d  g roup .
PBiTMltlfl ^ nctlltlo - JW&oral illugtrationB
Figure 1. Infective third stage larva of Dictyocaulua vivlparus
shoving double cuticulor sheath p owning oeoopha^al 
gland and terminal excretory pore. I 650.
Calf vlth severe patent parasitic bronchi tl 
in the typical 'air-hunger* position.
uing
86.
■ ?" Opened bronchi from a fatal case of patent
parasitic bronchitis. Several hundred 
D. V iViparus adults are present in the 
lumena. X  f T
P A H S  I I I
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P A R ü! I l l
S eetxon  I
I n t r o  lU iotlon
The p re c e d in g  p a r t  o f  th la  theoifâ d e s c r ib e d  th e  developm ent 
o f  a  v a c c in e  a g a in s t  th e  pneum onia caused  by D io ty oo a u lu s  
v iv ln a ruB* In  1957 J a r r e t t ,  M cIn tyre and U rq u h a rt d e s c r ib e d  
th e  c o u rse  o f  e v e n ts  caused  by i n f e c t io n  o f  c a lv e s  w ith  norm al 
i n f e c t i v e  la rv a e  o f  t h i s  p a r a s i t e ;  t h i s  in fo rm a tio n  on th e  
p a th o g e n e s is  o f  th e  d is e a s e  was o b ta in e d  by k i l l i n g  ex p e riin en t-  
e l l y  in f e c te d  c a lv e s  a t  f a i r l y  c lo s e  i n t e r v a l s .  D uring  th e  
developm ent o f  th e  v a c c in e > due to  th e  n a tu re  o f  th e  e x p e rim e n ts , 
a  s im i la r  te c h n iq u e  co u ld  n o t be a p p l ie d  and th e  changes produced 
co u ld  o n ly  be s tu d ie d  a t  a  f a i r l y  l a t e  s ta g e ;  th e re fo re ?  o n ly  
t e n t a t i v e  h y p o th e se s  co u ld  be advanced a s  to  th e  mode o f  a c t io n  
o f  and t i s s u e  r e a c t io n s  to  th e  vacc in e*  The ex p e rim en ts  r e p o r te d  
i n  t h i s  s e c t io n  were d es ig n ed  to  o b ta in  more d e t a i l s  o f  th e s e  
changes and o f  th e  r e a c t io n  o f  th e  immune h o s t  to  r e - i n f e c t i o n .  
T h is  work i s  d e s c r ib e d  i n  two p a p e rs ;  J a r r e t t ,  M cIn tyre and 8harp  
( 1 9 6 2 ) and J a r r e t t  and Bharp (1 9 6 3 ).
D isc u ss io n  o f  th e s e  th r e e  ex p e rim en ts  i s  po stp o n ed  u n t i l  each 
h a s  been  s e p a r a te ly  d e s c r ib e d  b ecau se  t h e i r  im p l ic a t io n s  a r e  so 
c lo s e ly  c o r r e l a t e d .
8 8 .
She relative aiebrlbutloa of normal and irradiated 
times after infection.
MaterialB and Methods.
*€S?ïs:c^«s® i»5B;3««=*y®*jK**wm»s1sgs4Wfc*».''jiP»«ii««ÿ«£ï?îaas2*E^^
The methods of culturing the larvae, irradiating them and 
administering them to artificially raised worm-free oalvea were 
similar to those used previously (vide teohnical appendix).
The procedure for recovering larvae from limga, which Is 
described below, was adopted only after extensive experiments 
had been made in recovering larvae from calves given a wide range 
of larval dosage; for the present purpose acid and enzymatic 
digestion techniques were not found to be superior. The method 
used was as follows. The calf was shot with a captive bolt pistol 
and the throat was cut to include the oesophagus and trachea; 
this was successful in preventing the ruminai contents from being 
aspirated into the bronchial system. The work bench was warmed 
and kept near body temperature with a hot water hose. Two litres 
of normal saline at 37^0. were put into a bucket on which the warm 
hose was playing. The lungs were removed from the body and cut 
into their seven lobes and each lobe was opened down to the smallest 
bronchioles using fine probe pointed scissors. The lobe was then 
shaken and massaged in the saline and immersed In it for two to 
three hours, the surface with the opened bronchi being placed 
facing do%m; during this time the bucket ims kept in a warm room 
at 25^0, The saline was then poured into a Baermann funnel. Bach 
bronchus was washed with one litre of water to which 10 gm. of salt 
had been added and this fluid Tias poured into the original funnel.
litres of man» aormel ealiae were poured late woh of
two more funaolo^ g#&d tho lebea %fore apportioned between 
tM o o  to  f l o a t  w ith  th e  h roaioh la l s id e  (lowm. Theae fu n n e ls  were 
left ovealght la the m z m  room end 1% the meralag 60 ml. was 
mm o ff  from # e  bottom o f each» Into tm  flat-^hottom^d 30 ml. 
tub^#. Thle ooBteli^ed % M  whleh wore com^ tted l3%
squared p e tr l êleheg^ under m dl^E^eotlag mlero^^eope and traneferred  
to gl=aBe rnlMe^ %flth eowr^llp# mlero^ooplogO. exm^imtlon,
Thlrtoem ealvos' were each glvm% 1#000 mosmtal larvae cmd 13 
were eao%ï given 1*000 larmo had been mubjeeteê to 40^000
roentgens of delivered a t approsilaately 200 roemtgmm per
minute. The ealvea were klllM Im peira* ome each from the
'normal' amé Irradiated* gmape ea the fhllowlag days after
iafeotlea: 1*2,3,4*5#7#9#ll#3(.3#15#l?#!^ 5 sad 95. The limgs were 
-mibjeoted to the opening, weehlng aad Mmmemi proeeeeee Immediately 
a fte r kllllag.
The aimbera o f reooverW  are shoim in  Table I  a*s are
theli* ratii-m. All of the vorme recovered up to the elevm%th 
day %;ero at tW  fow th  w u lt  o$? ern^y f if th  etego; a fter this* 
the normal lanm e fo llw cd  the usual eourae of development while 
the Irr^^atW la%*ve=e rem^ iimod mtimtod, the larg^^t apeolman' 
recorded being 4.8 a^e* la length at 20 day#. The plotor^lal Insert
on 1 0how the aise oomp^ sirlsoa botimem a 19 day W3mal early
f if th  atage female and lt(s irradiated omite;g^ *parary, irhlle the 
grapii lllu a tr& tee  the m%morieal ooi^arlaoa bet%i^ em the worms; 
roGovered.
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,e 1 A Com parison betw een th e  Worms found i n  th e  lu n g s  
o f  C a lv es  C lven Wormal L arvae and Those Cfiven I r r ­
a d ia te d  L arv ae ,
*;iï*avt*e,v«=.'W «r*34a33*£to=e»r.^6fi*atMBR@Bs«v«*ariK»
Horm al L arvae
a f t e r  Mumher fem ales
i n f e c t i o n ,  r e  co v e red , m ale r a t i o
I r r a d i a t e d  L a iv ae
Dumber
re c o v e re d
Females m ale
r a t i o
1 0 0 «
2 0 « . 0 -
3 0 « 0 «
4 0 — 0 - ,
5 0 *» 0
7 5 ** 7
9 181 8 :2 65 9 :1
11 372 6 :4 203 8 :2
13 608 3 :3 23 8 :2
15 335 3 :3 34 9 :1
17 288 3 :3 43 9 :1
25 181 3 :3 74 1 0 :0
35 231 3 :3 0
lt‘efriBi»?Tn*eûlrûvev^$rti*Ea'wA*«eraTinuj>É;^.f«r#iLiioeVî!i»
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2îhe r e l a t i v e  d i s t r i b u t i o n  o f  norm al and i r r a d i a t e d  la rv a e .
NQ OF NORMAL & IRRADIATED LARVAE RECOVERED FROM LUNGS
800
N O R M A L
700
IRRADIATED
600
500
400
300
jO O
23
T IM E  O n  d a y s)  A F T E R  D O S I N G  WITH lO O O  LA R V A E .
I to a e r io a l  com parison  betw een th e  worms re c o v e re d  a t  
d i f f e r e n t  days a f t e r  i n f e c t io n .  The p i c t o r i a l  i n s e r t  
shows a  t y p i c a l  sijse  com parison betw een a  1^ 5 day n o r­
mal e a r l y - f i f t h - s t a g e  fem ale  worm and i t s  i r r a d i a t e d  
con tem porary . .ICLO.
92 .
re sn ltx n A ’ from  th e  a d m in is t r a t io n  o f  i r r a d i a te d  .D .v iv iparue 
l a r v a e .
T h is  wao d es ig n ed  to  s tu d y  th e  h i s t o l o g i c a l  r e a c t io n s  to  th e  
la rv a e  a s  th e y  m atured  i n  th e  lymph nodes and lu n g s . P a r t  o f  th e  
m a te r ia l  f o r  t h i s  was o b ta in e d  from th e  p re v io u s  ex p erim en t b u t 
th e  numbers o f  t i s s u e  b lo c k s  which co u ld  be ta k e n  th e r e  was 
l im i te d  by th e  f a c t  t h a t  th e  m ain d a ta  r e q u ir e d  were q u a n t i t a t i v e .  
In  o rd e r  to  make a  more d e t a i l e d  q u a l i t a t i v e  s tu d y  c a lv e s  i n  t h i s  
experim en t were g iv e n  i r r a d i a t e d  la rv a e  and successively*  k i l l e d ,  
and a l l  th e  pulm onary t i s s u e  was a v a i la b le  f o r  h i s t o l o g i c a l  
ex am in a tio n .
M a te r ia ls  and Methods*
M w c a t wn w w I w* .* II Lj wnwaWiWia=a « !0
The c a lv e s  were r e a r e d  wox*m f r e e  a s  i n  p re v io u s  experim ents^  
la rv a e  were s im i la r ly  X - i r r a d ia te d  a t  40 ,000  ro e n tg e n s , Bach c a l f  
was k i l l e d  by s h o o tin g  and a t  n ec ro p sy  ap p ro x im a te ly  100 t i s s u e  
b lo c k s  xrere ta k e n  from  th e  lu n g s  and 100 from  th e  m e se n te rio  nodes 
i n  each  c a s e , f i x a t i o n  was by fo rm o l-s u b lim a te ; th e  b lo c k s  were 
d eh y d ra ted  and c le a r e d  i n  an  al.cohol-an iy l ace ta te^b en æ en e  s e r i e s  
u n d er red u ced  a i r  p r e s s u r e .  P a r a f f in  embedding u n d e r  reduced  p re s s u re  
was a ls o  em ployed. R o u tin e  s t a in in g  was by haeaialuim and e o s in ;  
o th e r  me*‘ohods ttsed  f o r  s p e c ia l  p u rp o ses  were p ic ro -M a llo ry , p e r io d ic  
a c id - S c h i f f ,  PeiüLgen, p h o sp h o tu n g s tle  ac id -haem ato  *»y l i n ,  c a rb o l  
chromot r o p e , W eigert*s f i b r i n  s t a i n  and p y ro n in -m e th y l g re e n .
In  s e l e c t i n g  b lo c k s , an a t te m p t was made to  in c o rp o ra te  a l l  o f  
th e  main b roncho-pulm onary  u n ite ?  lo b e s  were l a b e l l e d  s e p a r a te ly  
b u t a s  th e r e  were no obv ious p r e d i l e c t i o n  s i t e s  r e f e r e n c e s  to
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in d iv id u a l  lo b e s  have n o t been made i n  th e  t e x t ,  s im i l a r l y ,  th e  
m e se n te r ic  lymph node b lo c k s  were l a b e l l e d  a s  to  p o s i t io n ,
E x p erim en ta l P ro c e d u re ,
One th o u san d  i r r a d i a t e d  la r v a e  were g iv e n  a s  a  s in g le  dose 
to  each o f  e ig h t  c a lv e s ,  which w e ie th en  k i l l e d  i n  p a i r s  on p o s t -  
in f e c t io n  days 3»7 ,14  and 21, As i t  was n o t known I f  histological 
m ethods would l o c a te  such  v ery  small, numbers o f  la rv a o  i n  th e  
r e l a t i v e l y  g r e a t  volume of th e  c a l f ' s  lu n g , f u r t h e r  c a lv e s  were 
g iv e n  much l a r g e r  s in g le  d o ses a s  fo llo w s : ]?ou:e r e c e iv e d  50,000
i r r a d i a t e d  la rv a e  and were k i l l e d  3 ,9 ,7  and 11 days later; two more 
c a lv e s  were g iv e n  250,000 i r r a d i a t e d  la rv a e  w h ile  two c o n t r o ls  
r e c e iv e d  250,000 norm al la r v a e ;  a l l  fo u r  were k i l l e d  on day 7*
The e x p e rim e n ta l d e s ig n  i s  sliown i n  T able I I ,
T able I I .  D esign  o f  E xperim ent 9•
Day o f  
E x p t. 0
8 c a lv e s ; each 
n o s .27-34 re c e iv e d  
1 ,0 0 0  
ir ra d ,.  
L arvae
3
ilos,.
27&28
k i l l e d ,
Eos.
29&30
k i l l e d .
11 14
Nos,
31&32
k i l l e d
4 c a lv e s ;  each.
re c e iv e d -
50,000 No., ' No. No, No.
I r r a d .  35 36 37 38
L arvae k i l l e d  k i l l e d  k i l l e d  k i l l e d
2 c a lv e s ;  each
aaansMo
I r r a d ,
L arvae
2 ^"5 S v eB i~ eaeh
Norma],
L arvae
Hob, 
39&40 
killed■ WI |1‘.
Nos*
41&42
k i l l e d .
21
Ui
Nos,.
33&34
k i l l e d
9 4 .
.R ésulté.
One and two days a f t e r  i n f e c t i o n ,
No le s io n s  w ere found i n  th e s e  c a lv e s ,
Ttooe days a f t e r  i n f e c t i o n .
L es io n s  were p r e s e n t  i n  th e  m e se n te r ic  nodes and th e  g r e a t e s t
c o n c e n tr a t io n  was i n  th e  p o s t e r i o r  group which l i e  i n  th e  g e n e ra l
re g io n  o f  th e  ilo u m , caecum and th e  f i r s t  p a r t  o f  th e  c o lo n , They
c o n s is te d  essentially o f  sm a ll n e c r o t i c  t r a c t s  surrounded by a  narrow
sone o f  m acrophages and e o s in o p h il  le u k o c y te s i  When c u t  lo n g i tu d in a l ly
th e y  ex tended  from  th e  o u te r  c o r te x  to  th e  niedvJ,la, L ive la rv a e
were n o t found i n  them b u t an  o c c a s io n a l t r a c t ,  on s e r i a l  s e c t io n ,
showed a  dead 3.arva wMch had l o s t  i t s  s t a in in g  a f f i n i t y  and which
was s t r u c t u r a l l y  d i s i n t e g r a t i n g .
N e ith e r  l e s io n s  n o r  larvae were found i n  th e  lu n g s .
3?lve days a f t e r  i n f e c t i o n ,
The f in d in g s  were e s s e n t i a l l y  s im i la r  to  thorn a t  th r e e  d ay s . 
Pulm onary changes w ere a b s e n t even i n  th e  50 ,000  l a r v a e  i n f e c t io n .
The l e s io n s  d e s c r ib e d  above i n  th e  lymph nodes were w ell-m arked  
in th e s e  calves, e s p e c i a l ly  th o s e  g iv e n  250,000 la r v a e ;  g ia n t  c e l l s  
and m acrophages la y  around th e  few d i s i n t e g r a t i n g  larvae se e n ,
1 ,0 0 0  la r v a e .  Of 170 sections examined, o n ly  threefiAâ «1M «R* MA «Tiïl oq» «P»
had le s io n s  and th e s e  were o f  th e  ty p e  a s s o c ia te d  w ith  th e  b reak th ro u g h
o f  la r v a e  in to  a l v e o l i .  ( P ig .4 ) .  These f o c i  u su a ].ly  in v o lv e d  fo u r  
o r  f iv e  a l v e o l i  and i n  th e s e  were found f i b r i n  and some erythrocytes 
fro.m c a p i l l a r y  haem orrhage,
95.
T here was u s u a l ly  a  em ail f i b r i n o id  n e o ro tio  c e n tr e  su rrounded  
by a  l l g l i t  I n f i l t r a t i o n  o f  n e u t ro p h i l s  ? e o s in o p h i ls ,  m acrophages 
and one o r  two fo re ig n -b o d y  ty p e  g ia n t  c e l ls *  L arvae were p re s e n t  
i n  a  p ro p o r t io n  o f  th e s e  l e s io n s ,
50 ,000  la r v a e .  I n  a d d i t io n  to  an  in c re a s e d  
number o f  b reak th ro u g h  l e s io n s ,  two b ro n ch i c o n ta in e d  a  l a r v a  and 
this was su rrounded  by a  light ex u d a te  o f  e o s in o p h i ls ,
250,000 larvae. Two o f  th e  fo u r  c a lv e s  i n  this«AC* *Dt» iMi CVM «V ms «B m
group wore given norm al la rv a e  f o r  comparison o f  l e s io n s  as t h i s  
Size o f  i n f e c t io n  a t  this s ta g e  had n o t been u sed  in the e a r l i e r  
work, (Jarrett, M cIntyre and Urquhart 195?)• M iereas in the 1 ,0 0 0  
and 50,000 larvae i n f e c t io n s  d e s c r ib e d  above there were no v i s i b l e  
changes at p o s t mortem, i n  the p re s e n t  c a lv e s  th e r e  were many a re a s  
o f  lo b u la r  c o l la p s e  s c a t t e r e d  o v e r all lo b e s » These were e s p e c ia l ly  
w ell-m arked  around the subsegm ental b ronch i*  There was a ls o  su b - 
p le u r a l  emphysema which was p r e s e n t  i n  g r e a t e s t  amount on the 
s u r fa c e s  o f  th e  p o s t e r i o r  p a r t  o f  the d iap h rag m atic  lobes. The 
broncho-mediastinal nodes were o b v io u s ly  e n la rg e d  and oedematous.
There was no d i f f e r e n c e  i n  appearance  betw een the c a lv e s  which 
had been g iv en  normal and those which had been given i r r a d i a t e d  
l a r v a e .  M ic ro s c o p ic a lly , i n  one o f  th e  two normal i n f e c t io n s  la rv a e  
were found w ith  e a se  i n  almost ev ery  section; most were s i t u a t e d  in  
th e  b ro n c h i and some were found i n  th e  t r a c h e a ,  There was an 
obv ious in c re a s e  i n  eosinophils i n  th e  b ro n c h ia l  lam in a  p r o p r ia  and 
th e y  could be seen migrating betw een the epithelial c e l l s  In l a r g e  
num bers.
96.
An e o s in o p h il  i n f i l t r a t e  was a ls o  p r e s e n t  i n  th e  i n t e r l o b u l a r  
and p e r ib ro n c h ia l, s e p t a l  t i s s u e s  and th e  l a t t e r  were o f te n  
oedematous* In  th e  o th e r  c a l f ,  l a r v a e  ooul.d e a s i l y  be found 
i n  th e  b ro n c h i b u t th e y  were n o t p r e s e n t  i n  such  g r e a t  num bers.
The a lv e o la r  r e a c t io n s  were v e ry  much more mar^ked i n  t h i s  an im a l, 
b reak th ro u g h  l e s io n s  b e in g  p r e s e n t  i n  a lm o st ev e ry  s e c t io n .  I t  
was obv ious t h a t  t h i s  i n f e c t i o n  had n o t p ro g re s se d  a s  f a r  a s  th e  
f i r s t .
I n  th e  c a lv e s  g iv e n  i r r a d i a t e d  la rv a e  th e  p ic tu r e  was q u i te  
d i f f e r e n t  i n  th r e e  re s p e c ts *
F i r s t ,  a lth o u g h  many normal, breaîithrougfei l e s io n s  were fo u n d , a 
l a r g e  number showed a  more marked e o s in o p h il  i n f i l t r a t e  i n  them . 
Beooïidly, th e r e  was a  la r g e  number o f  l e s io n s  w hich r e p r e s e n t  th e  
f i r s t  s ta g e  i n  a  p ro c e s s  which r e s u l t s  i n  what w i l l  be c a l l e d  th e  
ly m p h o - re t ic i i la r  b ro n c h o -o c c lu s iv e  le s io n s  (L .B .Ii. ) and wiiich i s  
d is c u s s e d  i n  d e t a i l  l a t e r .  I n  l e s io n s  o f  t h i s  f i r s t  s ta g e ,  th e  
com ponents from  w ith in  ou tw ards a r e :
1 . .An im m o b ilised , dy ing  o r  dead p a r a s i t e  i n  th e  lum en and 
u s u a l ly  i n  d i r e c t  c o n ta c t  w ith  th e  e p i th e l iu m  ( f i g s .  5 and 6 ) .
2 . Wien th e  p a r a s i t e  i s  i n t a c t ,  h a s  j u s t  s t a r t e d  to  lo s e  
i t s  s t a in in g  a f f i n i t y  o r  i s  m ild ly  damaged s t r u c t u r a l l y ,  
th e  e p ith e liim i wrt'h which i t  i s  i n  c o n ta c t  may show 
b iz a r r e  h y p e r p la s ia  ( f i g .  7) i n  which can be se en  m u l t i -  
n u c le a te d  and h y p e r p la s t ic  c e l l s  i?hich have l o s t  t h e i r  norm al 
p o l a r i t y  i n  th e  e p i t h e l i a l  s h e e t .
3* The lam in a  p r o p r ia  l a  u s u a l ly  in c re a s e d  i n  th ic k n e s s  
e s p e c i a l ly  i n  th e  l a r g e r  b ro n c h io le s  and b ro n c h i and i n
9 7 .
a d d i t io n  to  on i n f i l t r a t e  o f  e o s in o p h ils  shows 
m u l t i p l i c a t i o n  o f  th e  r e t ic u lu m  c e l l s  and s w e ll in g  
o f  e n d o th e l i a l  c e l l s  ( f i g  7 ) .
4 . When th e  e p i th e l im i  i s  u l c e r a t e d ,  f in e  granulom atoue; 
t i s s u e  can  he seen  ^growing o u t o f  th e  la m in a  p r o p r ia  
i n to  th e  e o s in o p h il  ex u d a te  su rro u n d in g  th e  dead o r  . 
d y in g  p a r a s i t e ,  ( f i g . 8 ) .  Those le s io n s  ta k e  up a  much 
l a r g e r  p a r t  o f  th e  lo b e  th a n  does a  norm al b ro n c h io le .
The t h i r d  p o in t  o f  d i f f e r e n c e  betw een th e  lu n g s  o f  th e  caJ-ves 
r e c e iv in g  i r r a d i a t e d  la rv a e , and th o s e  r e c e iv in g  norm al la r v a e  xms 
th e  c o n s id e ra b le  d i f f i c u l t y  i n  f in d in g  l i v i n g  la r v a e  i n  th e  b ro n c h i 
compared to  th e  e a se  w ith  w hich t h i s  co u ld  be done i n  th e  norm al 
i n f e c t i o n s .
In  th e  b ro n c h o -m e d ia s tin a l lymph nodes th e r e  was oedema o f  th e  
h i l a r  a r e a  and i n f i l t r a t i o n  o f  e o s in o p h ils  in to ' i t j  th e s e  were 
c o n c e n tra te d  p a r t i c u l a r l y  around th e  SRiall b lood  v e s s e l s  and 
ex ten d ed  w ith  them in to  th e  su b s ta n c e  o f  th e  lymph n o d e s . The 
c o r t i c e s  o f  th e  nodes showed in c re a s e d  a c t i v i t y  o f  th e  g e rm in a l 
f o l l i c l e s ,  th ic k e n in g  o f  th e  c o r t i c a l  l a y e r  and an  in c r e a s e  i n  th e  
number ‘ o f  im m ature p lasm a c e l l s  i n  th e  m ed u lla ry  c o rd s .  The me d u llu e  
showed h y p e r tro p h y  and h y p e r p la s ia  o f  th e  s in u s  c e l l s .  I n  a  few 
c a se s  d i s i n t e g r a t i n g  la r v a e  were found su rrounded  by a  f o r e ig n -  
body r e a c t io n .
9 days a f t e r  i n f e c t i o n .
1 ,0 0 0  l a r v a e .  There were no s i g n i f i c a n t
IIP# u M ifu w ttP w n iiw
q u a l i t a t i v e  d i f f e r e n c e s  from  th e  day 7 i n f e c t io n  a lth o u g li th e r e  
were more b re a k th ro u g h  l e s io n s .
98 .
§Ôi.222«iâ£Si£* Many b re ak th ro u g h  le s io n s  
were p r e s e n t  ae w e ll  ae  o c c a e io n a l larvae In b ro n c h i and 
bronchioles su rrounded  by ex u d a te s  o f  e o s in o p h i ls .  There was 
no obv ious a lv e o la r  c o l la p s e  a s s o c ia te d  w ith  th e s e  l e s io n s .
11 and 13 dava a f t e r  i n f e c t io n .
■  ill #  m iin iii Vi l . i i i i n l . i Jiii i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i    
As th e s e  show merely a  t r a n s i t i o n  between the 9 and 14 day 
in f e c t io n s  and s in c e  th e  l a t t e r  were s tu d ie d  in considerably 
greater d e t a i l  no f u r t h e r  d e s c r ip t io n  o f  th e s e  two c a s e s  w i l l  
be g iv e n .
in fe c t io n *
At necropsy in one c a se  a few c o lla p s e d  lo b u le s  wore obvious 
w h ile  in the o th e r  t h i s  l e s io n  was more marked and d a rk  red 
p a r t i a l l y  c o lla p s e d  lobules were found, particularly in th e  
d ia p h ra g m a tic  lo b e s .  M ic ro s c o p io a lly , in the first e a s e , no 
la rv a e  were found b u t the a re a s  o f  a lv e o la r  collapse were 
a s s o c ia te d  with occlusion o f  the r e l a t e d  bronchioles by plugs o f  
d i s i n t e g r a t i n g  eosinophil le u k o c y te s  ( f i g .  9)* The epithelium 
o f  these bronchioles was i n t a c t  and no LiB.L*'s  were seen. The 
e o s in o p h il  esm date ex tended  in some cases to  the r e s p i r a t o r y  
b ro n c h io le  b u t seldom  below  t h i s  le v e l*  In other w ords, th e r e  
was no pneum onia p r e s e n t  but merely a lv e o la r  collapse distal to 
plugged bronchioles. There was no qualitative d i f f e r e n c e  in the 
lesions in the second case but there were more of them and a few 
of the bronohi contained living larvae*
In the b ro n c h ia l  n o d es , the g erm in a l centres were v e ry  
obvious with an  apparent depletion of cells betw een them*
9 9 .
The re tic ix lw ii c e l l s  o f  th e  s in u s e s  o f  th e  m ed u lla  were v e ry  
p rom inen t and th e r e  was a g a in  marked oedema and e o s in o p h il  
i n f i l t r a t i o n  o f  th e  h i l a r  c o n n e c tiv e  t i s s u e  and trabeculae.
15 days a f t e r  i n f e c t i o n .
in  t h i s  c a l f , ’ v e iy  few l e s io n s  were fom ul and th e s e  c o n s is te d  
o f  b ro n c h io le s  p lugged  w ith  dead e o s in o p h il  leulcooytes.
17 days a f t e r  i n f e c t io n .
T h is  r e p r e s e n ts  an  in te rm e d ia te  s ta g e  betw een th e  14 and 
21 day i n f e c t io n s .
21 days a f t e r  i n f e c t i o n .
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At n e c ro p sy , o n ly  an  o c c a s io n a l lo b u le  o f  c o l la p s e  co u ld  be 
fo u n d . In  a d d i t io n  to  th e s e ,  a  few lo b u le s  showed a  c e n t r a l  g rey  
nodu3,e o f  ab o u t 2 mm. d ia m e te r  w hich on p re s s u re  y ie ld e d  a  sraaO.1 
g re en  p lu g , ( f i g ,  1 0 ) ,  Most o f  th e s e  were o b v io u s ly  deve loped  
from  th e  b ro n c h o -o c c lu s iv e  l e s io n s  d e s c r ib e d  e a r l i e r  and showed 
a  c e n t r a l  dead l a r v a  su rrounded  by a  fo c u s  which som etim es c o n ta in e d  
e p ith e liu m  b u t som etim es d id  n o t  and o f  xdiieh th e  m ain f e a tu r e  was 
th e  m u l t ip l i c a t i o n  o f  reticiD^um c e l l s ,  h ae m o c y to b la s ts  and th e  
p re se n ce  o f  im m ature p lasm a c e l l s ;  th e  in c re a s e  i n  nusxbex* o f  th e s e  
c e l l e  ha,d begun to  o b l i t e r a t e  the a r c h i to c tu r e  o f  th e  a f f e c te d  
' b ro n c h io le . One l e s i o n  was found i n  which th e  worms had reach ed  
young a d u l t  s ta g e  b e fo re  dy ing  and th e re  d is r i ip t io n  o f  th e  
e p i th e l iu m , grow th o f  young eo m ieo tiv e  t i s s u e  and p r o l i f e r a t i o n  
o f  re t ic u lu m  c e l l s  and h a e m o c y to b la s ts , many o f  w hich had p y ro -  
n in o p h i l ic  cy to p lasm . Both o f  th e s e  l e s io n s  had th e  app earan ce  o f  
a  d ev e lo p in g  a n tib o d y -p ro d u c in g  s i t e .
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A p art from  th e s e  £evt l o c a l i s e d  n o d u le s  th e r e  w ere some 
lo b u le s  w hich r e p re s e n te d  a  r e s o lu t io n  o f  th e  14 -day  p i c t u r e ,  
i . e .  few er e o s in o p h ils  i n  th e  b ro n c h i and b ro n c h io le s  and r e -  
expand ing  lo b u le s  w ith  a  g e n e ra l  r e g r e s s io n  o f  esm d ativ e  r e a c t io n .
25 days a f t e r  i n f e c t i o n .
T h is  was v e ry  s im i l a r  to  th e  21 day in f e c t io n .
In  t h i s  c a se  th e r e  was no ev id en ce  o f  b ro n o h lo la r  p lu g g in g  
o r  a lv e o la r  c o l la p s e .  A few L.33.L. l e s io n s  were seen  B iacro so o p iea lly  
and were examined h i s t o l o g i c a l l y  ( f i g .  1 1 ) . These showed a  f iu ? th e r 
e x te n s io n  o f  th e  developm ent o f  t h i s  l e s io n  and c o n s is te d  o f  a  c e n t r a l  
dead e o s in o p h i l ic  l a r v a  su rro u n d ed  by t i s s u e  in d i s t in g u is h a b le  from 
lymph n o d a l t i s s u e  ( f i g .  1 2 ) . Germinal c e n t r e s  were p r e s e n t  and 
th e s e  and t l i e i r  su rro u n d in g  lym phocy tes and p lasm a c o l l s  obscu red  
th e  norm al b ro n o h lo la r  s t r u c t u r e  a lm o st co m p le te ly , Fragments o f  
b ro n o h lo la r  m uscle co u ld  be foim d among th e  lyraphoid a g g re g a te s .
These l e s io n s  o oeup ied  up to  70fo o f  th e  a r e a  o f  th e  lo b u le . No 
l i v i n g  p a r a s i t e s  were found  i n  th e  s e c t io n s .
1 0 1 .
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The g e n e ra l  d e s ig n  o f  t h i s  ex perim en t was. to  fo llo w  a  
doub le  v a c c in a t io n  p ro ced u re  s im i la r  to  t h a t  d e s c r ib e d  e a r l i e r  
f o r  .Iraoiunising c a lv e s  and th e n  to  c h a lle n g e  them w ith  a  f a i r l y  
heavy in f e c t io n ;  th e  co u rse  o f  t h a t  i n f e c t io n  xms th e n  in v e s t ig a te d  
by k i l l i n g  th e  c a lv e s  a t  i n t e r v a l s ,  An i d e n t i c a l  group was g iv en  
norm al la rv a e  a t  each  v a c c in e  tim e to  compare t h i s  t r e a tm e n t  w ith  
th e  fo rm e r.
M a te r ia l  and M ethods.
These xfere th e  same ae  th o s e  o f  th e  p re v io u s  ex p e rim en t,
E x p erim en ta l P ro e e d u re ,
The number o f  3„arvae i n  each  im m m iising dose was 3.,000 f o r  
b o th  g ro u p s , Those g iv e n  to  th e  ' i r r a d i a t e d '  group had been  
B u b jec ted  to  40 ,000  ro e n tg e n s  a s  b e fo re ,  The f i r s t  dose x^as 
g iv e n  on day 0 ,  th e  second on day 42 , and th e  c h a l le n g e , o f
10 ,000  norm al i n f e c t i v e  l a r v a e ,  on day 93* One p a i r  o f  c a lv e s  
from  each group was k i l l e d  on iikie 3 rd ,  7 th ,  1 4 th  and 2 1 s t day 
a f t e r  c h a lle n g e .
R e s u l t s ,
B efo re  d e s c r ib in g  th e  r e s u l t s  i n  d e t a i l ,  two g e n e ra l  p o in ts  
can  be made to  av o id  r e p e t i t i o n .  In  a l l  o f  th e  c a lv e s  p re v io u s ly  
g iv en  normal l a r v a e ,  a s  would be ex p e c te d , l e s io n s  o f  th e  3.ate 
s ta g e  o f  u n co m p lica ted  p a r a s i t i c  b r o n c h i t i s  were found ; th e s e  
have been d e s c r ib e d  p rev io u s3 y  by J a r r e t t ,  M cIn ty re and TJrquhart 
(1 9 5 7 ).
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Other^ l e s io n s  common to  an im a ls  o f  b o th  g roups were w e ll 
deve loped  ]^ m p h o re tim fla r  n o d u le s  a s  d e s c r ib e d  i n  ex p e rim en t 
9 ; th e s e  presum ably  were d e r iv e d  from  th e  second  i n f e c t i o n  
i n  th e  c a se  o f  th e  group  h av in g  norm al la rv a e  and from  b o th  
in f e c t io n s  i n  th e  group  h av in g  i r r a d i a t e d  l a r v a e .  They wore 
few i n  number and were s e le c te d  m a c ro sc o p ie a lly  a t  n e c ro p sy ,
3 days a f t e r  i n f e c t i o n .
Normal l a r v a e .  At p o s t  mortem, th e  lu n g s
o f  one o f  th e  c a lv e s  shoxfod o c c a s io n a l ,  and th e  o th e r  w id esp re ad ,
le s io n s  o f  o ld  p a r a s i t i c  b r o n c h i t i s .  M ic ro s c o p ic a lly , a p a r t  from
th e  o ld  lé s io n s  m ost s e c t io n s  showed a  l i t t l e  d e v ia t io n  from
norm al; one c o n ta in e d  a  v e ry  l a r g e  lym phoid n o d u le  fo rm in g  a 3?ound
a  dead a d u l t  xmrm. There was no ev id en ce  o f  th e  cha3.1enge
in f e c t io n  havi.ng re ac h ed  th e  lu n g s .
I r r a d i a t e d  l a r v a e .  A part from  a  fovf g re y -
p in k  iG h ^ il- s iz e c l  b ro n eh o -o cc lu B iv e  l e s io n s  s c a t t e r e d  th ro u g h o u t
th e  s u b s ta n c e , th e s e  lu n g s  were n o rm al, m ic ro s c o p ic a l ly  and
m ic ro s c o p ic a l ly .
? days a f t e r  in f e c t io n *
Normal la3 ;vae. At n ec ro p sy  th e  lu n g s  from
—  ^ 1 I M a ■ ir— I ■! M Mt .  imn i l l  i ma m mm .r n  'S.i"
b o th  caJ-ves xmre a b o u t o n e - th i r d  c o n s o l id a te d . In  th e  f i r s t , th e  
l e s io n s  xfere d i s t r i b u t e d  xridely i n  b o th  d ia p h ra g m a tic  lo b e s  and th e  
main b ro n c h i c o n ta in e d  much p a r t i a l l y  i n s p i s s a t e d  g re e n  p u s . Ho 
worms w ere found  i n  t h i s  e a s e ,  The lu n g s  o f  th e  second c a l f  w ere 
e n la rg e d  i n  volum e, m ain ly  due to  th e  emphysmma which x?as p r e s e n t  on 
th e  tm d e r - s id e  o f  th e  d ia p h ra ^ iia t ie  lo b e s .  Both a p i c a l  and c a rd ia c  
lo b e s  were a lm o st co m p le te ly  c o n s o l id a te d , When th e s e  lu n g s  were
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cU soected  th e  d i s t r i t a t i o n  o f  le e io n is  was seen  to  he o f  th e  
u s u a l  p a t t e r n  w ith  th e  m a jo r i ty  o f  th e  c o n s o lid a te d  lo h u le s  
ly in g  Im m edia te ly  aroim d th e  segm en ta l b ro n c h i.
I r r a d i a t e d  l a r v a e ,  These lu n g s  were i d e n t i c a l  
w ith  th o se  from  th e  th r e e  day i n f e c t io n s .
M ic ro s c o p ic a l ly , b o th  7 -d ay  g ro u p s had s im i l a r  ap p e a ran c e s , 
There were mai%r b re a k th ro u g h  l e s io n s  i n  a l v e o l i ,  a s  d e s c r ib e d  u n d er 
experim en t 9 , b u t th e  e o s in o p h il  i n f i l t r a t i o n  was o f  a  more 
in te n s e  d e g re e . l a r v a e  had rea c h ed  some o f  th e  sm a ll b ro n c h io le s  
and e p i t h e l i a l  h y p e r p la s ia  and n e c ro s is  a s  d e s c r ib e d  above ( L .B . l . )  
were prom inen t ( f i g .  13). Near th e s e  l e s io n s  th e r e  was heavy 
e o s in o p h il  i n f i l t r a t i o n  in to  th e  s e p ta l  t i s s u e s  and a  s im i la r  
i n f i l t r a t i o n  was v e ry  marked i n  th e  h i l a r  and t r a b e c u la r  a re a s  
o f  th e  b ro n c h o -m e d ia s tin a l lymph n o d es .
14 days a f t e r  i n f e c t i o n .
l a r v a e . The m acroscop ic  ap p earan ce  
o f  th e s e  lu n g s  was th e  same a s  i n  th e  7 -day  in f e c t i o n s ;  i n  one,
12 a d u l t  worms were fo u n d , e ig h t  b e in g  fem ale  and f o u r  m ale .
I r r a d i a t e d  l a r v a e . T here was no c o n s o l id a t io n  
in  e i t h e r  o f  th e s e  o a s e s . Modules o f  th e  Xi.B.l* ty p e  w ere p r e s e n t  
o v e r th e  s u r fa c e  o f  b o th  d ia p h ra g m a tic  lo b e s ,  ( f i g .  14) and on th e  
v e n t r a l  s u r fa c e  o f  th e s e  lo b e s  were s e v e r a l  g ree n  t r a n s lu c e n t  
p la q u e - l ik e  a r e a s ,  1 .0  x 0 .5  cm. i n  s i a c ,  lo c a te d  su b p le u raX ly .
Morms were n o t found i n  e i t h e r  o f  th e s e  c a lv e s .
The h i s t o l o g i c a l  f in d in g s  were th e  same i n  b o th  g ro u p s , and 
th e  ty p e  r e a c t io n  i n  th e s e  c a se s  was th e  m idd le  s ta g e  o f  th e  
developm ent o f  th e  lym phoreticu ll-ar b ro n c h o -o c c lu s iv e  l e s i o n .  The 
dead worm in  th e s e  l e s io n s  was s i t u a t e d  c e n t r a l l y  and t h i s  was
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siirro im deâ by g ia n t  cells, some o f  which were o f  th e  mesenchymal 
fo re x g n -b o d j type, while o th e r s  o b v io u s ly  c o n s is te d  o f  r e s id u a l  
a r e a s  o f  hyperplastic b ro n c h lo la r  e p ith e l iu m . Im m ediate ly  
e x te r n a l  to this was a  Bone i n  which there was a  mixture o f  
e o s in o p h i ls ,  p r o l i f e r a t i n g  e n d o th e l ia l  c e l l s ,  m acrophages, 
immature plasm a c e l l s ,  p y ro n in o p M lic  h ae m o cy to b la s ts  and re tic u lu m  
c e l l s .  E x te rn a l  to  t h i s  was a  band o f  lym phocytes and p lasm a c e l l e  
with the b e g in n in g  o f  germinal c e n tr e  fo rm a tio n . These l e s io n s  
were quite numeisDus th ro u g h o u t th e  s e c t io n s  and o ccu p ied  from  a  half 
to a  t h i r d  o f  th e  a r e a  o f  th e  lo b u la r  c ro e B -s e c t io n . The b roncho- 
m e d ia s t in a l  lymph nodes showed e o s in o p h il  i n f i l t r a t i o n  particularly 
i n  t h e i r  h i l a r  a r e a s  and dead la r v a e  were n o t uncommon In th e  
cortices. These were su rrounded  by g ia n t  c e l l s  and e a r ly  f i b r o s i s .
Normal l a r v a e .  The lu n g e  o f  one c a l f  showed 
a  few s c a t t e r e d  a r e a s  o f  lobular collapse and a  few sm a ll p a tc h e s  
o f  i n t e r s t i t i a l  emphysema. Orey-plnic m il ia r y  n o d u le s  were present 
on th e  s u r fa c e  and i n  th e  su b s ta n c e  of th e  lungs. The second c a l f  
had  abou t o n e - th i r d  o f  i t s  lungs c o n s o l id a te d , th e  a f f e c te d  a re a s  
b e in g  largely i n  th e  m id -v e n tra l  segments of th e  d ia p h ra g m a tic  
lobes and in the In te rm e d ia te  lobes. Numerous L .B . l .  n o d u lea  were 
p r e s e n t  throughout th e  lungs* One a d u l t  fem ale  worm was found in  
a  bronchus* An a tte m p t was made i n  th e s e  oases to  tease larvae 
out of th e  new L .B .L . nodules for examination, b u t this was 
unsuccessful.
I r r a d i a t e d  la rv a e *  One c a l f  showed a  few 
s c a t te r e d  a r e a s  o f  in d iv id u a l  lo b u le  c o l la p s e .  Many L .B .L . n o d u le s
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were p r e s e n t  su b p l.e u ra lly  and th ro u g h o u t th e  su b s ta n c e  ( f i g .  1 5 ) . 
T h is  was e s p e c ia l ly  marked in  th e  c a rd ia c  lo b es*  The o th e r  
c a l f  had a r e a s  o f  c o l la p s e  i n  th e  p o s te r io - v e n t r a l  segm ent o f  
b o th  d ia p h ra g ïa a tie  lo b e s .  Many L .B .L . n o d u le s  were p r e s e n t  
th rb u ^ 'ib u t th e  lu n g s  and s e v e r a l  sm a ll b ro n c h i had p lu g s  o f  
g ree n  p u s . Ho worms were found i n  e i t h e r  o f  th e s e  c a lv e s .
M ic ro s c o p ic a lly , a l l  o f  th e s e  lu n g s  showed a  s im i la r  
app earan ce  and th e  ty p e  l e s io n  was a g a in  th e  developm ent o f  
ly m p h o re t ic u la r  n o d u le s . At t h i s  s ta g e ,  m ost o f  th e  eosinophl3 . 
and g ia n t  c e l l  r e a c t io n  around th e  worms had d isa p p e a re d  and th e  
whole a r e a  had ta k e n  on th e  appearance  o f  lymph n o d a l t i s s u e  
w ith  a  c e n t r a l l y  p la c e d  l a i v a .  G erm inal c e n t r e s  were w e l l -  
developed  and some o f  th e s e  nodu3.es had th e  appearance o f  
lo b u la t io n  ( f i g .  1 6 ) .
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The o r i g i n a l  object i n  irradiating la r v a e  waa to  a t te n u a te  
them so t h a t  th e y  would n o t be pathogenic b u t would s t i l l  be a b le  
to  s t im u la te  an  immme re sp o n se  which would be c a p a b le  o f  
p r o te c t in g  th e  h o s t  a g a in s t  the n a tu r a l ly  occurring d is e a s e .
In the f i e l d  th e  latter i s  a s s o c ia te d  w ith  th e  pulm onary p a r t  
o f  the h e lm in th ’ s  l i f e  c y c le ;  th e  commoner form  o f  th e  c o n d it io n  
is a  b r o n c h i t i s  and pneumonia caused  by s e x u a lly  m ature adult 
worms b u t many f a t a l  cases a r e  a s s o c ia te d  w ith  heavy burdens o f  
fifth stage la rv a e  (Barrett, Jennings, M cIn ty re , Mulligan, Sharp 
and Urquhart I960).
We had speculated t h a t  th e  m e se n te r ic  nodes m ight be a  s i t e  
o f  protective a n tib o d y  fo rm a tio n  and ou r o r i g i n a l  i n t e n t i o n  was 
to  p re p a re  a  v a c c in e  th e  la rv a e  o f  which would n o t p ro g re s s  f u r th e r  
th a n  th is *  I t  was o b v io u s , how ever, from  th e  m ild  and t r a n s i e n t  
c l i n i c a l  s ig n s  se en  during th e  immmising p e r io d  (Jarrett, Jennings, 
M cIn ty re , M u llig an , Sharp and H rq u h a rt 1959) t h a t  8ome la rv a e  were 
reaching th e  lu n g s . The r e s u l t s  re c o rd e d  above g iv e  some indication 
o f  the f a t e  o f  th e  a t te n u a te d  la rv a e  and o f  th e  h o s t ’ s r e a c t io n  to  
them .
Prom T able 1 o f  experim en t 8 , i t  w i l l  be seen  t h a t  th e  la rv a e  
s t a r t e d  to  a p p e a r  in th e  lu n g s  seven  days a f t e r  dosing and t h a t  th e  
h ig h e s t  number i n  ’normal’ infections o c c u rre d  a t  the 13-15 day 
p e r io d . The co u n t th e n  f e l l  to  abou t 250 and this r a t i o  o f  
infecting dose to  f i n a l  worm burden o f  ap p ro x im a te ly  1:4 i s  th e  
g e n e ra l  rule under o u r  experimental c o n d i t io n s .
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I t  i s  p o s s ib le  t h a t  th e s e  la r v a e  w hich m ig ra te  in to  th e  l a r g e  
b ro n c h i and t r a c h e a  w h ile  th e y ,  th e  la r v a e ,  a re  s t i l l  e m a il, a re  
washed o u t by th e  mucus and c i l i a  and t h i s  may acco im t f o r  th e  
drop in  numbers n o t e d ; ( i f ,  d u r in g  l a t t e r  h a l f  o f  th e  p r e p a te n t  
p e r io d ,  c a lv e s  a r e  k i l l e d  and scrapings o f  t r a c h e a l  mucus made 
a lm o st im m ed ia te ly , many a c t iv e  la rv a e  q b x l  be found even i n  th e  
u p p er h a l f  o f  th e  t r a c h e a ) .
I n  th e  i r r a d i a t e d  group th e  h ig h e s t  3 .a rv a l coun t re c o rd e d  
was 203  so i t  a p p e a rs  t h a t  th e  m a jo r i ty  e i t h e r  d id  n o t re a c h  th e  
lungs o r  were q u ic k ly  e x p e lle d  i f  th e y  dicU The h i s t o l o g i c a l  
ev id en ce  i s  i n  fa v o u r  o f  th e  fo rm er view^ T h is  maximum coun t 
was re c o rd e d  11 days a f t e r  i n f e c t io n  and i t  i s  i n t e r e s t i n g  t h a t ,  
ae  re c o rd e d  e a r l i e r ,  th e  peak c l i n i c a l  r e a c t io n  i s  found to  o ccu r 
a l i t t l e  l a t e r .  The h i s t o l o g i c a l  f in d in g s  probab3.y e x p la in  t h i s ;  
th e  c l i n i c a l  s ig n s ,  o f  which tach y p n o ea  i s  th e  m ost p ro m in en t, a re  
a lm o st c e r t a in ly  caused  by th e  a r e a s  o f  lo b u la r  co3JLapse. These 
l a t t e r  a r e  a s s o c ia te d  w ith  p lu g g in g  o f  th e  r e l a t e d  b ro n c h io le s  by 
an  ex u d a te  o f  e o s in o p h i ls  and t h i s  l e s io n  was m ost ob v io u s a t  
3„4 days ( f i g .  10)> The e o s in o p h ils  had d isa p p e a re d  s h o r t ly  a f t e r  
t h i s  and th e  co nsequen t re -e x p a n s io n  o f  th e  a l v e o l i  exp3.ains th e  
q u ick  o 3 ,in ic a l r e s o lu t io n .  I t  sh o u ld  be em phasised  t h a t  th e s e  
r e a c t io n s ,  b o th  c l i n i c a l  and p a th o lo g ic a l , a r e  v e ry  m ild  and a re  o f  
no p r a c t i c a l  s ig n i f ic a n c e .
Also from  T able 1 , i t  w i l l  be se en  t h a t  th e  sex  r a t i o  o f  th e  
3.\mg p o p u la t io n  r e s u l t i n g  from  th e  i r r a d i a t e d  la r v a e  i s  m arkedly 
i n  fa v o u r  o f  th e  fe m a le s . T h is  phenomenon h a s  been o b serv ed  i n  th e  
s u rv iv o r s  o f  i r r a d i a t e d  la rv a e  o f  o th e r  p a r a s i t e s ,  e .g .  H .c o n to r tu s
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and T. c o lu b r i f o r m is . and I t  w i l l  be commented upon i n  
P a r t  IV.
The e x a c t f a t e  o f  th e  i r r a d i a t e d  la rv a e  i s  s t i l l  im e e r ta in .
Dead la rv a e  were found  i n  th e  m e s e n te r ic  nodes on h i s t o l o g i c a l  
ex am in a tio n  b u t t h i s  i e  i n  no way q u a n t i t a t i v e .  We have 
r e p e a te d ly  a t te m p te d , b o th  by m ace i'a tio n  and by enzym atic  
d ig e s t io n ,  to  ev o lv e  a  method by th e  u se  o f  w hich la r v a e  co u ld  
be re c o v e re d  from  th e  m e se n te r ic  nodes and which vzould y i e ld  
r e s u l t s  c a p a b le  o f  b e in g  r e p l i c a t e d  and h an d led  s t a t i s t i c a l l y ;  
b u t a l th o u g h  some la r v a e  can  be re c o v e re d  tli,e y i e ld  i s  n e i th e r  
l a r g e  n o r  c o n s ta n t .  The l a r g e  volume o f  th e s e  nodes and t h e i r  
s t r u c t u r e  a re  p ro b a b ly  l a r g e ly  r e s p o n s ib le  f o r  t h i s  and i n  t h i s  
r e s p e c t  the l a r g e  d o m estic  an im a ls  a r e  i n f e r i o r  t o  th e  sm a ll
3 .ab o ra to ry  ro d e n ts  w hich a r e  more u s u a l ly  em ployed i n  p a r a s i t e -  
l o g i c a l  w ork.
The r e s u l t s  show t h a t  th e  im p o r ta n t immunogenic l a r v a l  s ta g e s  
a r e  p ro b a b ly  th e  t h i r d  and f o u r th ,  b u t th e  m ain a n tib o d y -p ro d u c in g  
s i t e  i n  th e  h o s t  can n o t y e t  be d e f i n i t e l y  r e c o g n is e d . The m e se n te r ic  
nodes p ro b ab ly  p la y  a  p a r t  b u t th e  marked b ro n c h o -m e d ia s tin a l lymph 
node en la rg em en t alw ays a s s o c ia te d  w ith  im m unity i n  p a r a s i t i c  
b r o n c h i t i s ,  and th e  eoncom m itant in c re a s e  i n  c e l l s  o f  th e  plasm a 
c e l l  s e r i e s  a lm o st c e r t a i n l y  i n d ic a t e s  th e  p a r t i c i p a t i o n  o f  th o se  
n o d es . I t  i s ,  o f  c o u rs e , l i k e l y  t h a t  b o th  th e  m e s e n te r ic  and 
th o r a c ic  nodes a r e  in v o lv e d  and , i n  th e  hyperimmune a n im a l, 
r e a c t io n s  i n  th e  I n t e s t i n a l  w a ll  may even c o n t r i lm te .  The 
f lu o r e s c e n t  a n tib o d y  te c h n iq u e  co u ld  w e ll  be u sed  to  e x p lo re  
t h i s  f u r t h e r .
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I t  i s  germane a t  t h i s  p o in t  to  d ig r e s s  and c o n s id e r  th e  
l i f e  c y c le  o f  D. v iv ip a r u a * P re v io u s  work ( J a r r e t t ,  M cIntyre 
and U rq id ia rt, 1957) had in d ic a te d  t h a t  la rv a e  do n o t re a c h  th e  
lu n g  in  any s i g n i f i c a n t  rtumher u n t i l  th e  end o f  th e  f i r s t  week 
a f t e r  i n f e c t io n  and , a s  th e  f i r s t  experim en t i n  t h i s  s e c t io n  
shows, th ey  a re  by th e n  a t  th e  f o u r th  s ta g e .  D ouw ea and 
Im cker (1958) and P o y n te r , Jo n e s , N elson , P eacock , R obinson, 
S ilverm an  and T erry  (I9 6 0 ) observed  t h a t  i n  th e  g u in e a  p ig ,  t h i r d  
s ta g e  la rv a e  co u ld  be found i n  th e  lu n g  w ith in  24 h o u rs  o f  d o s in g , 
and t h a t  th e  t h i r d  m oult to o k  p la c e  i n  t h a t  o rg an ; T h is  ex p erim en t­
a l  system  i s ,  o f  c o u rs e , h ig h ly  a r t i f i c i a l  a s  th e  g u in e a  p ig  i s  n o t 
a  norm al h o s t  of th e  p a r a s i t e .  N e v e r th e le s s , v e ry  im p o rta n t 
r e s u l t s  have been  o b ta in e d  by i t s  u s e ; Douvres and L ucker (1958) 
gave a  m o rp h o lo g io a l d e s c r ip t io n  o f  th e  v a r io u s  s ta g e s  o f  th e  
p a r a s i t e ,  and P o y n te r , Jo n e s , N elson , P eacock, R obinson , S ilverm an  
and T erry  ( i9 6 0 ) evo lved  a  method o f  t e s t i n g  th e  In v a s iv e n e s s  o f  
norm al and i r r a d i a t e d  la rv a e  by u t i l i s i n g  th e  g u in e a  p ig  in s te a d  
of th e  much more ex p en siv e  c a l f .  We f e e l ,  how ever, t h a t  i t  i s  
dangerous to  assume t h a t  th e  l i f e  c y c le  i n  th e  b ov ine  can  be 
adduced from  th e  b e h a v io u r  o f  th e  p a r a s i t e  i n  th e  g u in e a  p ig .
We have been  a b le  to  re c o v e r  sm a ll numbers o f  t h i r d  s ta g e  la rv a e  
from  c a l f  lu n g s  24 h o u rs  a f t e r  i n f e c t io n  by g iv in g  v e ry  l a r g e  
d o se s , b u t most o f  o u r  f in d in g s  in d ic a te  t h a t  t h i s  i s  n o t th e  
norm al co u rse  o f  e v e n ts .  P o y n te r , Jo n e s , N elson , P eacock , R obinson, 
S ilverm an  and T e rry  ( i9 6 0 )  gave d o ses  o f  200,000 la rv a e  to  c a lv e s  
(4 ,0 0 0  la rv a e  i s  ap p ro x im a te ly  a  l e t h a l  dose) and re c o v e re d  a  
ran g e  o f  from  fo u r  to  5 ,225 la r v a e  from  th e  lu n g s  o f  in d iv id u a l  
an im als  i n  th e  f i r s t  th r e e  days a f t e r  in f e c t io n ;
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t h e i r  mean re c o v e ry  was f o u r ,  1 ,109  and 3 ,348  on days 1 ,2  
and 3 r e s p e c t iv e ly ,  r e p r e s e n t in g  0.00002^^ 0 .5 #  and 1 .5  
r e s p e c t iv e ly  o f  th e  dose a d m in is te re d . They re a c h  th e  c o n c lu s io n  
t h a t  i n  c a lv e s ,  th e  la rv a e  " rea c h  th e  lu n g  where su b seq u en t 
deve]x)pment oco u rs  and t h a t  th e y  do n o t d w ell a s  f o u r th  s ta g e  
la rv a e  i n  th e  lymph nodes" y e t  i n  a  c a l f  k i l l e d  by them 2 days 
a f t e r  i n f e c t io n ,  Ojti3.y 6 la rv a e  were reco v e re d  from  th e  3.ungB 
and 5 from  th e  m e se n te r ic  lymph n o d e s ; in  a n o th e r  705 were found 
i n  th e  lu n g s  and 905 i n  th e  lymph nodes; i t  i s  n e i th e r  s t a te d  
n o r  s p e c u la te d  upon where th e  r e s t  o f  th e  200,000 la r v a e  w ere.
I t  wou3,d ap p ea r a t  l e a s t  p o s s ib le  t h a t  th e s e  w o rk e rs , l i k e  
o u r s e lv e s ,  have n o t y e t  found a  r e l i a b l e  and r e p e a ta b le  method 
o f  r e c o v e r in g  la r v a e  from  th e  m e se n te r ic  .lyBiph nodes o f  th e  
c a l f .
By an a lo g y , i f  we had o b ta in e d  a  p ro p o r t io n a te  re c o v e ry  
o f  la rv a e  f 2?om th e  lu n g s  w ith  th e  dose (1 ,0 0 0 ) u se d , we sh o u ld  
have had th e  e x p e c ta t io n  o f  f in d in g  0 .5? and 15 3-arvae on th e  
f i r s t  th r e e  d a y s , and we c o n s id e r  t h a t  such  e v id e n c e  in  no way 
le a d s  to  any a l t e r a t i o n  in th e  c o n c ep tio n  o f  th e  l i f e  c y c le  a s  
we have o u t l in e d  i t .  The h i s t o l o g i c a l  ev id en ce  from  b o th  t h i s  
an.d e a r l i e r  work ( J a r e r e t t ,  M cIntyre and XJrquliart 1957) i s  a ls o  
v ery  much in  fa v o u r  o f  th e  g r e a t  m a jo r i ty  o f  th e  la r v a e  re a c h in g  
th e  lu n g s  l a t e r  th a n  1 week a f t e r  in f e c t io n .
ProDi d a ta  p re s e n te d , P o y n te r , Jo n e s , N elson , P eacock ,
R obinson, Silverman and T erry  (I960) also reached th e  c o n c lu s io n  t h a t  
" i r r a d i a t e d  larvae re a c h e d  th e  lu n g s  and no ev id en ce  o f  a  m e se n te ric  
lymph node h o ld  up was se e n " .
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T h e ir  f i g u r e s ,  a f t e r  g iv in g  200,000 i r r a d i a t e d  l a r v a e ,  a r e  a s  
fo llo w s : one day a f t e r  i n f e c t i o n ,  s i x  la fv a e  were se e n  i n  th e
lu n g s  and one i n  th e  m e s e n te r ic  nodes; a t  two days a f t e r  i n f e c t io n  
th r e e  c a lv e s  were exam ined and th e  r e s p e c t iv e  f ig u r e s  f o r  lu n g s  and 
nodes were 1 ,4 8 0  and 50, 185 and 40 , and 5 and 0 ; a t  th r e e  days 
one c a l f  had 105 and 0 ; a t  f o u r  days th e  f in d in g s  i n  th r e e  c a lv e s  
were 255 and 5, 80 and 0 , and 3*5 and 0 . The co m b in a tio n  o f  th e s e  
low p e rc e n ta g e  r e c o v e r ie s  from  th e  3,ung and f a i l u r e  to  d em o n stra te  
a lm o st th e  whole o f  th e  i n f e c t in g  dose e lsew h ere  le a d s  one to  doubt 
v e ry  s e r io u s ly  w h eth er th e s e  sm a ll numbers re a c h in g  th e  lu n g  i n  
th e  e a r ly  p a r t  o f  th e  c y c le  p lo y  any m ajo r p a r t  i n  th e  im m im ising 
p ro cess*  They g iv e  no d a ta  on any c a lv e s  k i l l e d  l a t e r  i n  th e  
l i f e  c y c le .
A query  t h a t  co u ld  be made i s ;  do th e  m ethods u sed  p re c lu d e  
th e  re c o v e ry  o f  la r v a e  i n  th e  f i r s t  few days a f t e r  i n f e c t i o n  because  
th e y  m ight be tra p p e d  i n  f o c i  o f  c e l l u l a r  o r  escudative r e a c t io n  i n  
th e  lu n g s?  We f a i l e d  to  f in d  such  f o c i  h i s t o l o g i c a l l y  and we a ls o  
f a i l e d  to  r e c o v e r  a p p re c ia b ly  l a r g e r  numbers o f  l a r v a e  by m a c e ra tin g  
o r  m incing  th e  lu n g  t i s s u e  and th e n  s u b je c t in g  i t  to  t r y p s i n  and 
p e p s in  d ig e s t io n ,  w hich miglxt have h e lp ed  f r e e  tra p p e d  3_arvae.
The second m ain p o in t  to  emerge from  th e  ex p e rim en ts  d e s c r ib e d  
i s  th e  development o f  ly m p h o - ro tic u la r  n o d u le s  in th e  wa3.1s o f  b ro n c h i 
and b ro n c h io le s .  These f o c i  had  th e  m o rp h o lo g ica l c h a r a c t e r i s t i c s  o f  
an tib o d y -p ro d u c in g  s i t e s  and i t  may be a sk ed , do th e y  p la y  any p a r t  
i n  th e  fo rm a tio n  o f  p r o te c t iv e  a n t ib o d ie s ?  T h is  can n o t be answ ered 
d e f i n i t e l y  a t  th e  moment b u t th e y  were n o t found i n  any g r e a t  numbers 
a f t e r  th e  i n i t i a l  dose o f  i r r a d i a t e d  la rv a e  a3.though th e y  were
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p r e s e n t  a f t e r  th e  second dose. We know ( J a r r e t t ,  J e n n in g s ,
M cIn ty re , M u llig an , Sharp and U rq u h art 1959) t h a t  two doses 
o f  1 ,0 0 0  la rv a e  p ro d u ce  a  much g r e a t e r  r e s i s t a n c e  to  r e i n f e c t i o n  
th a n  one dose so i t  i s  p o s s ib le  t h a t  th e s e  l e s io n s  may p la y  such 
a  p a r t .  I t  i s  e q u a lly  p o s s ib le  t h a t  th e  in c re a s e d  number seen  
after th e  second dose m erely  r e s u l t e d  from la r v a e  k i l l e d  by th e  
im m unity d e r iv e d  from  th e  f i r s t  dose a s  t h i s  i s  th e  t y p i c a l  
l e s io n  seen  when th e  imimme h o s t  d e a ls  w ith  in v a d in g  la r v a e  ; 
t h i s  i s  c l e a r ly  dxown i n  experim en t 10. It i s  a ls o  p o s s ib le  t h a t  
t h i s  i s  one o f  th e  so u rc e s  o f  an tib o d y  to  ’ somatic® a n t ig e n s ;  
th o s e  n o d u le s  a re  o b v io u s ly  i n  c lo s e  c o n ta c t  w ith  th e  d i s i n t e g r a t i n g  
b o d ie s  o f  th e  p a r a s i t e s  a u d i t  co u ld  be h y p o th e s is e d , p u re ly  
s p e o u la t iv e ly ,  t h a t  th e  i r r e g u l a r  re su 3 .ts  o b ta in e d  i n  complement 
f i x a t i o n  t e s t e  u s in g  ’ som atic* a n t ig e n s  m g h t  be r e l a t e d  to  th e  
p re se n c e  o f  absence  o f  an  a p p re c ia b le  number o f  such  a n tib o d y -  
p ro d u c in g  s i t e s ,  P o y n te r , Jo n e s , N elson , P eacock , R obinson , 
S ilverm an  and T erry  ( i9 6 0 ) ,  C ornw all (I9 6 0 ) and o u r s e lv e s  have 
each  found t h a t  th e  ex p ec ted  secondary  resp o n se  i n  complement 
f i x a t i o n  t i t r e  a f t e r  th e  second dose o f  v ac c in e  does n o t alw ays 
ta k e  p la c e ,  al.though th e  r e s i s t a n c e  to  r e in f e c t io n  I s  much h ig h e r ,  
w hereas a  r i s e  i s  a lm o st invariab3„e a f t e r  a  c h a lle n g in g  in f e c t io n .  
L arge numbers o f  ly m p h o - re t io u la r  le s io n s  a r e  foim d a f t e r  such  a  
c h a lle n g e . C ornw all (I9 6 0 ) su g g e s ted  t h a t  th e  s e r o lo g ic a l  re sp o n se  
was caused  by th e  la r v a e  which reach ed  , th e  lu n g s  and t h a t  i n  th o se  
an im als  which d id  n o t show i t  th e  la rv a e  had been s to p p ed  i n  th e  
m e se n te r ic  node, from  o u r work, i t  would a p p e a r t h a t  t h i s  i s  
p a r t l y  t r u e ,  b u t i t  seems p o s s ib le  t h a t  i n  m ost c a s e s  la rv a e  do 
re a c h  th e  lu n g s  and t h a t  th o se  which become tra p p e d  i n  b ro n ch o -
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-o c a lx is lv e  lo s io n a  p roduce  a n t ib o d ie s  d e te c ta b le  by th e  ’ s o m a tic ’ 
a n t ig e n .  I t  mixst a ls o  be borne i n  m ind, how ever, t h a t  we have 
r e p e a te d ly  found d i s i n t e g r a t i n g  la r v a e  i n  th e  b ro n c h o -m e d ia s tin a l 
lymph nodes and t h i s  l a r g e  volume o f  a n tib o d y -p ro d u c in g  tlBBue 
can  by no means be n e g le c te d  a s  a  p o s s ib le  so u rce  o f  ’ so m a tic ’ 
a n t ib o d ie s .
What a p p e a rs  to  be beyond doub t i s  t h a t  t h i s  l e s i o n  i s  a t  
l e a s t  p a r t i a l l y  r e s p o n s ib le  f o r  th e  c l i n i c a l  s ig n s  se en  when an 
immune an im al i s  s u b je c te d  to  a  liig h  l e v e l  o f  c h a lle n g e  and we have 
en co u n te red  s e v e r a l  c a s e s  o f  d e a th  i n  a d u l t  cows from  t h i s  cau se  
( J a r r e t t ,  J e n n in g s , M cIn ty re , M u llig an  Oharp and ÏÏrq u h a rt I9 6 0 ) .  
I d e n t i c a l  l e s io n s  have been found  i n  c a lv e s  c h a lle n g e d  a f t e r  b e in g  
p r o te c te d  w ith  immme serum ( J a r r e t t ,  J e n n in g s , M cIn ty re , M ulligan  
and D rq u h art 1955) o r  w ith  k i l l e d  v a c c in e  ( J a r r e t t ,  J e n n in g s , M cIn ty re , 
M u llig an  and U rq id iart I9 6 0 ) and i n  in f e c te d  c a lv e s ,  th e  larvae i n  
whose lu n g s  have been  k i l l e d  by d ie th y lc a rb a m a ^ in e  ( J a r r o t t ,  M cIntyre 
and Sharp 1962) a s  i s  d e s c r ib e d  i n  th e  n e x t ex p e rim en t. I t  woxild 
ap p ea r t h a t  th e  common f a c t o r  i n  a l l  th e s e  i s  th e  p re se n c e  o f  dead 
o r  I n ju re d  la r v a e  o r  worms tra p p e d  i n  th e  a i r  p a s sa g e s  so t h a t  th e y  
make c o n ta c t  w ith  th e  r e s p i r a t o r y  e p ith e l iu m . I t  i s  n o t  in te n d e d  
to  convey th e  im p re s s io n  t h a t  alJ* la r v a e  k i l l e d  i n  th e  lu n g s  a re  
d e a l t  w ith  i n  t h i s  way; most a r e  p ro b ab ly  shed  v i a  th e  a i r  p a ssag e s  
and o n ly  th e s e  r e t a in e d  le a d  to  t h i s  re sp o n se .
he a re  v e ry  much aw are o f  th e  f a c t  t h a t  th e  d a ta  p re s e n te d  i n  
t h i s  s e c t io n  were o b ta in e d  from  sing3*e c a lv e s  o r  p a i r s  o f  OffLves 
k i l l e d  a t  g iv e n  p o in ts  and t h a t  th e s e  d a ta  a re  n o t c a p a b le  o f  
ad eq u a te  s t a t i s t i c a l  t r e a tm e n t f o r  t h e i r  p r a c t i c a l  e v a lu a t io n .
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I t  sh o u ld  be s a id ,  how ever, t h a t  such v?ork, c a r r i e d  o u t i n  
ca3.ves, which have to  be bought soon a f t e r  b i r t h  and r e a r e d  
in d iv id u a l ly  p a r a s i t e - f r e e  i n  i s o l a t i o n ,  i s  v e ry  ex p en siv e  
and t h a t  th e  te c h n iq u e s  d e s c r ib e d , b o th  h i s t o l o g i c a l  and 
parasitological, a r e  ex trem ely  tim e coneuming so  t h a t  o n ly  
a  sm a ll number o f  an im a ls  can be d e a l t  w ith  each  day in  th e  
r e q u ir e d  d e t a i l .  The m ost t h a t  can be s a id  i s  t h a t  th e  g e n e ra l  
t r e n d  o f  th e  d a ta  p e rm its  certain l im i te d  and qualified con - 
o ].usions to  be made and t h a t  th e s e  add to  th e  u n d e rs ta n d in g  
o f  th e  mode o f  a c t io n  o f  v a c o in e s  o f  t h i s  ty p o .
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t h e  br#Bkthrou^ lesion. A few alveoli containing 
fibrin, foroign-body giant cello and leukocytes. 1 160.
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à;1 Bintegratlng parasite in bronchiolar luâ*a. 
bisarrs spitbslial bjperplasia. a  150 .
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Detail of figure 5. Early bizarre epithelial hyper­
plastic response to disintegrating parasite. X 560.
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f ig u re _ 2 '
Irregular hyperplasia of bronchial epitnerium, infiltration 
with eosinophils, and activation of reticulum cells of 
lamina propria. X 560.
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F im ire  6 .
Ulcération of bronchlolar epithellua and early organ­
isation of exudate. XI50.
%
Fiioire 9.
Occlusion of undaaaged bronchiole by plug of degenerating 
eosinophils, and associated partial collapse of lobule. X50
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Figure 10,
Development of bronoho-oocluelve lympbo-retlcular 
nodule. Centre of degenerating eoelnophile eurr- 
ounded by activated reticulum cells, hmeaocytoblaats, 
plasma cells and cells of the lymphoid aeries. X 50.
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Flgiir. 11.
Further development of lympbo-reticular nodule. Central 
dead nematode surrounded by lymph-nodal type tissue. X50.
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F ig u re  12
Detail of centre of developing lynpho-reticular 
nodule. Disintegrating nematodes which have lost 
their normal staining affinities. Worms now inti­
mately surrounded by lympho-reticular tissue. X50
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Fligure 13.
Bronchiole in re-infected case with eosinophils in 
lumen, and epithelial hyperplasia. X 150.
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Figure 1
^ully developed lympho-reticular nodule, with germinal 
centres, protruding from pleural surface of lung. X50.
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Lympbo-rcticular nodule ehowlng sise and position 
in relation to the various pulmonary structures. X16.
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■ ell-developed lympho-reticular nodule shoving lymph 
nodal structure with germinal centres and large part 
of lobule occupied. 125.
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S e c tio n  I I
r im en t 1 1 . A t r i a ], o f  th e  e f f e c t  o f  d ie th y lo arbam aBine on
t  and p a te n t  p a r a s i t i c  b r o n c h i t i s  i n  ca3.ves.
I n t r o d u c t io n .
T h is s e c t io n  d e s c r ib e e  an exp erim en t co n c e rn in g  th e  a f f e c t s  
o f  d ie th y lc a rb a m a s in e  (DECZ) on p r e p a te n t  and p a te n t  p a r a s i t i c  
b r o n c h i t i s  i n  c a lv e s .  DBG2 was developed  a s  an  a n th e lm in t ic  
a g e n t a g a in s t  human f i l a r i a s i s  d u r in g  th e  second w orld  w ar. I t  
h a s  an  e f f e c t  p r im a r i ly  on th e  m ic r o f i l a r i a e .  I n  v i t r o  th e y  can  
l i v e  many h o u rs  i n  a  1#  s o lu t io n  o f  DECK in  p lasm a, serum  o r  
s a l in e  x fithou t consequence* However, i n  v iv o , th e  d ru g , i f*!» * ti hup, > * f
g iv e n  in tr a v e n o u s ly  to  c o t to n  r a t a  in f e c te d  w ith  LitomoBoideB 
c a r i n i i , re d u c e s  th e  num bers o f  c i r c u l a t i n g  m ic r o f i l a r i a e  by 
80# in  two to  th r e e  m in u te s . H is to lo g y  shoxfs t h a t  th e y  a re
c o l le c te d  i n  th e  l i v e r ,  xAioh c o n ta in s  most o f  th e  f ix e d  re tic u 2 .o -
e n d o th e l ia l  system  i n  th e  c o t to n  r a t .  In  a  few h o u rs  th e  m icro ­
f i l a r i a e  a r e  su rro u n d ed  by p h ag o cy tes  and in  a  f u r t h e r  fexf h o u rs  
th e y  a r e  o b v io u s ly  d i s i n t e g r a t i n g .  The mode o f  a c t io n  fav o u red  
by Bangham ( 1 9 5 5 ) i s  t h a t  th e  d ru g  may m odify th e  s u r f a c e  o f  th e  
f i l a r i a l  l a r v a  and a c t  a s  an opsonin* R e s u lts  o f  h i s  oxm xmrk 
w ith  c a rb o n -1 4 - la b e l le d  DEO0 su p p o r t th e  o p so n in  th e o ry .  The 
e f f e c t s  o f  th e  d ru g  on a d u l t s  i s  i n  d is p u te ,  P a rk e r  (1957) was th e  
f i r s t  to  r e p o r t  th e  u se  o f  DEGii a g a in s t  D. v i v l p a r u s .
The t r i a l  d e s c r ib e d  h e re  was perform ed f o r  two m ain re a s o n s .
1 . Any d ra g  w hich can  a r r e s t  la r v a e  dm^-ing e a r ly  developm ent h as  
a  g ro a t  p o t e n t i a l  i n  th e  s tu d y  o f  h e lm in th  isim unlty ae  i t  m ight
1 2 3 ,
a llo w  te rm in a t io n  o f  i n f e c t io n s  a t  knomi tim e s  and tim e  a s s i s t  
i n  th e  d e te rm in a tio n  o f  th e  r e l a t i v e  immimogenic e f f e c t  o f  th e  
v a r io u s  d ev e lo p m en ta l s ta g e s  o f  th e  p a r a s i t e ,
2 . There ap p eared  to  he some d u b ie ty  abou t th e  r e l a t i v e  e f f ic a c y  
o f  D3Î1GZ when u sed  a t  d i f f e r e n t  s ta g e s  o f  th e  b ov ine  d is e a s e ,
P a rk e r  (1957) and P a rk e r  and R o b e rts  (1958) r e p o r te d  t h a t  'when 
tr e a tm e n t o f  e x p e r im e n ta lly  in f e c te d  c a lv e s  xms s t a r t e d  a t  abou t 
th e  m idd le  o f  th e  p r e p a te n t  p e r io d ,  su p p re s s io n  o f  th e  i n f e c t io n  
o r  a  c o n s id e ra b le  a m e lio ra t io n  o f  th e  d is e a s e  o c c u rre d , b u t when 
tr e a tm e n t was i n i t i a t e d  on th e  1 9 th  day p o s t - i n f e c t i o n ,  a l l  o f  th e  
ca3,ves d ie d  subsequently^ o f  p a r a s i t i c  b r o n c h i t i s .  On th e  o th e r  
hand , th e  m a n u fa c tu re rs  (B urroughs Wellcome & Co. London) o f  th e  
d ru g  c la im ed  t h a t  a d u l t  lungworms a r e  e x p e lle d  and t h a t  f u r th e r  
lu n g  damage i s  s to p p ed  im m ed ia te ly .
A f u r t h e r  p o in t  o f  g r e a t  i n t e r e s t  a ro se  d u r in g  th e  
ex p erim en t -  when th e  c a lv e s  were k i l l e d  c e r t a i n  o f  th e  lu n g  
l e s io n s  ap p eared  p o t e n t i a l l y  v e ry  i n t e r e s t i n g  i n  t h a t  th e y  were 
s im i la r  to  th o se  seen  g ro s s ly  a t  post-m ortem  i n  ex p erim en t 9*
The p re s e n t  experim en t was d es ig n ed  to  a f f o rd  a  d i r e c t  
com parison  o f  th e  e f f e c t s  when th e  drug  i s  a d m in is te re d  a t  th e  
b e g in n in g  o f  th e  l a s t  t h i r d  o f  th e  p re p a te n t  p e r io d  and a ls o  
when th e  d is e a s e  \me f u l l y  e s ta b l i s h e d .
M a te r ia ls  and M ethods,
E ig h te e n  A y rsh ire  b u l l  c a lv e s ,  p u rch ased  xfhen th r e e  to  te n  
days o ld  were housed i n  in d iv id u a l  m e ta l h u ts  xdiich were c le a n e d  
tw ic e  w eekly , th e  b ed d in g  u sed  b e in g  o a t  s tra w .
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T h e ir  r a t i o n  c o n s is te d  o f  l b .  o f  powdered m ilk  (O s to rm ilk  
No. 1 , p ro d u c t o f  Glaxo L td . ,  G reen fo rd , Middlesex), suspended  
i n  one gaJ,lon o f  w a te r  a t  app rox iB ia te ly  34 to  38^ 0 . , h a l f  o f  
t h i s  amount b e in g  g iv e n  tw ice  d a i ly .  IXiring th e  t h i r d  and f o u r th  
w eeks, hay and c a l f  vmaner p e l l e t e  (p roduced  by B.O.O.M. L td . ,
London) were in tro d u c e d , and powdered m ilk  fe e d in g  cease d  a t  th e  
end o f  th e  f o u r th  week, from  th e n  u n t i l  th e  end o f  th e  experim en t 
th e  c a lv e s  were g iv e n  3 l b .  o f  th e  p e l l e t e d  r a t i o n  d a ily *
When th e  c a lv e s  were e ig h t  to  n in e  weeks o ld , th e y  were 
a l l o t t e d  a t  random in to  th r e e  g roups o f  s i x  c a lv e s  on th e  b a s i s  o f  
t h e i r  body w e ig h ts . Throug^iout th e  f iv e  weeks o f  th e  ex p e rim en t, 
th e  c a lv e s  were w eighed and b lo o d  sam ples were w ithdra,w n, f o r  
haem ato log ica l- ex a m in a tio n , tw ic e  weelcly, g iv in g  a  t o t a l  o f  11 e s t im a t­
io n s  f o r  body w eig h t and 3*0 f o r  b lo o d . T o ta l  and d i f f e r e n t i a l  
leulEOoyte co tm ts  and haem oglobin  e s t im a tio n s  were c a r r i e d  o u t ,  
th e  l a t t e r  b e in g  m easured w ith  a  c o lo r im e te r  (Evans E le c t r o ­
se len iu m  L td . ,  8 t .  Andrews Works, E ssex , E n g lan d ), u s in g  a  number 
3625 f i l t e r .  F or th e  d i f f e r e n t i a l  e o s in o p h il  c o u n ts , a t  l e a s t  
20p c e l l s  (400 c e l l s  when a v a i la b le  i n  th e  b lood  f i lm )  we%*e co u n ted .
L a rv a l c u l tu r e  was a s  b e fo r e ,  a s  were th e  p a r a s i t o l o g i c a l  and 
p a th o lo g ic a l  te c h n iq u e s .
Exp e rim en t a l  P ro o e d u re .
On day 1 , each  c a l f  was g iv e n  an  o r a l  dose o f  4 ,0 0 0  in f e c t iv e  
p . v iv ip a ru B  l a r v a e .  C a lves o f  group 1 were each  g iv e n  0 .2  m l. p e r  
Kg. o f  10# dietlxylcarbsm m ssine c i t r a t e  (F ra n o c id e , p ro d u c t o f  
B urroughs Wellcome & C o ., London) i n j e c t e d  in tr a m u s c u la r ly  in to
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th e  g l u t e a l  r e g io n  on day 15 and a g a in  on days 16 and 17 . From 
day 22, d a i ly  f a e c a l  co u n ts  were made on a l l  c a lv e s .
On clay 3 1 , th e  12 u n tr e a te d  c a lv e s  were a l l o t t e d  to  two 
g roups on th e  b a s i s  o f  t h e i r  faeo&il l a r v a l  o u tp u ts  on t h a t  day.
When t h i s  had been done th e  r e s p i r a t o r y  r a t e s  and body w eig h ts  
were in s p e c te d  to  d e te rm in e  i f  any m ajor d i s p a r i t y  e x i s te d  
betw een g ro u p s . No s i g n i f i c a n t  d i f f e r e n c e  betw een any o f  th e s e  
p a ram e te rs  was found to  e x i s t  i n  th e  two g ro u p s . The c a lv e s  in  
group 2 were th e n  g iv e n  3)EG2i f o r  th r e e  days (days 3 1 , 32 and 33) 
i n  th e  same manner ae  Group 1 .
A ll c a lv e s  w ere s .lau g lite red  on day 37, and th e  worms i n  each  
p a i r  o f  lu n g s  were co u n ted ; b lo c k s  were ta k e n  f o r  h i s t o lo g i c a l  
ex am in a tio n  and th e  u s u a l  l e s io n  sc o re  method was a p p lie d  to  th e  
in d iv id u a l  p a i r s  o f  lu n g s .
R e s u l ts .
A summary o f  th e  r e le v a n t  c l i n i c a l ,  p a r a s i t o lo g i c a l  and 
p a th o lo g ic a l  r e s u l t s  i s  g iv en  i n  T able I .
' The mean r e s p i r a to r y  r a t e  o f  each 
group i s  shovm (gra.ph l )  and th e  v a lu e s  o b ta in e d  on each  day a re  
g iv en  in  T able 2. The means were betw een 30 and 35 p e r  m inute on 
th e  f i r s t  day o f  th e  ex p e rim en t. 33y th e  end o f  th e  week fo llo w in g  
in f e c t io n ,  th e r e  was a  s l i g h t  r i s e  i n  each group to  betw een 40 and 
43 . On day 15 , when tre a tm e n t i n  gi‘oup 1 was s t a r t e d ,  th e  mean 
r e s p i r a t o r y  r a t e  o f  group 1 c a lv e s  was 64, w h ile  th o se  o f  group 2 
and 3 c a lv e s  were 72 and 73 , r e s p e c t iv e ly .  There was a  b r i e f  h a l t  
i n  th e  r i s e  i n  r e s p i r a t o r y  r a t e  betw een days 15 and 17 fo llo ^ rin g  th e  
v e ry  ra ,p id  r i s e  which took  p la c e  betw een days 12 15 .
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f i l l s  i s  c h a r a c te r lB t lc  o f  th e  clinical re sp o n se  to  a  s in g le  
doae o f  4 ,000  la rv a e #
From day 1 8 , 72 hours a f t e r  tre a tm e n t with DE02 had begun, 
th e r e  was a  marked difference i n  th e  c l i n i c a l  c o n d i t io n  o f  th e  
calves i n  group 3- ae  compared with th o se  i n  th e  two u n tr e a te d  
groups# F or th e  remainder o f  the ex p e rim en ts , th e  mean r e s p i r a t o r y  
r a t e  o f  th e  e a r ly  t r e a t e d  c a lv e s  remained betw een 45 mid 55, 
w hereas i n  th e  c a lv e s  o f  th e  o th e r  two g ro u p s , the r a t e s  rose 
s t e a d i l y  to ab o u t 100 d u r in g  t h e , fourth week and c o n tin u ed  to  
fluctuate in t h i s  r e g io n  during th e  f i f t h  week o f  the e x p e rim en t.
I n  marked c o n t r a s t ,  th e r e  was no s ig n i f i c a n t  e f f e c t  on the 
r e s p i r a t o r y  r a t e  o r  on th e  general clinical condition o f  the 
c a lv e s  i n  group 2 fo llo w in g  treatment on days 3 1  » 32 and 33.
Although th e r e  was a  d rop  o f  11 i n  th e  mean r e s p i r a t o r y  r a t e  o f  
g roup 2 calveB  betw een day 33 and day 34 (graph 1 ) ,  i t  had r i s e n  
a g a in  by day 36 to  a  l e v e l  w ith in  10 o f  th e  c o n t ro l  r a t e .  The 
accu racy  o f  th e  method o f  c o u n tin g  r e s p i r a to r y  r a t e s  i s  Insufficient 
to  a t ta c h  s ig n i f ic a n c e  to th e s e  v a r ia t io n s *
To summarise th e  clinical c o n d it io n  o f  th e  c a lv e s  i n  groupe 
2 and 3 it may be s a id  th a t  m ost were c h a r a c t e r i s t i c  o f  se v e re  
c a s e s  o f  h u sk , and th e  t r e a t e d  c a lv e s  cou ld  n o t be d ia t in g u is h e d  
from  th e  untreated controls#
Weight G ains, There i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  between th e  mean w eig h t g a in s  i n  th e  th r e e  g roups (g rap h  2)
A p p etite*  During th e  fourth week o f  th e  ex p e rim en t, th e  
m a jo r i ty  o f  th e  c a lv e s  i n  th e  th r e e  groupe d id  not f i n i s h  their 
d a i lv  r a t i o n  o f  'o l b . .
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tiie  u s u a l  r e s id u e  b e in g  i  to  1 lb. p e r  day . T h is  may have been 
due to  th e  h o t  w ea th e r p r e v a i l in g  at th e  tim e* A part from  t h i s  
g e n e ra l  comment, th e r e  were s e v e r a l  variations In a p p e t i t e  which 
a r e  w orth  n o t ic in g .  Calf 60, in th é  e a r ly  tr e a tm e n t g ro u p , wae 
th e  smallest calf i n  th e  experim en t and, on 13 o f  th e  36 days i t
d id  n o t finish i t s  fe e d  a llo w an ce . T h is  may have been due to
i t e  s i s e .  In  th é  l a t e  tr e a tm e n t g ro u p , fo u r  of th e  s i x  c a lv e s  d id  
n o t f i n i s h  their food  on day 15 b u t f in is h e d  i t  on day 1 6 . On 
days 33 and 34? f i v e  o f  th e  s i x  calves i n  t h i s  group d id  n o t e a t  
a l l  of t h e i r  r a t i o n ,  th e s e  b e in g  th e  second and t h i r d  days a f t e r  
t r e a tm e n t .
In  th e  c o n tro l  g ro u p , th r e e  o f  th e  s ix  c a lv e s  d id  n o t eat
a l l  o f  t h e i r  r a t i o n  on th e  1 5 th  day but d id  so on th e  fo llo w in g  day .
On days 33 and 34 two of the s ix  calves l e f t  some food as
compared w ith  f iv e  o f  th e  s ix  i n  group 2.
F a e c a l L a rv a l O u tp u t. L arvae were not found in  th e  f a e c e s  o f  
^ny o f  th e  c a lv e s  i n  group 1, on any o f  th e  15 days on lA ic h  
ex am in a tio n s were c a r r ie d  o u t .  The fluctuations in th e  mean l a r v a l  
o u tp u t in group 2 and 3 c a lv e s  a re  shown i n  g raph  3* It can  be 
seen  t h a t  i n  calves i n  th e  later tr e a tm e n t group th e  faecal l a r v a l  
output was lo w er th a n  t h a t  o f  th e  c o n t ro l  group when tre a tm e n t 
began on day 3 1 ? but t h a t  by th e  end o f  th e  experim en t t h i s  p o s i t io n
had been re v e r s e d . However, th e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t
d i f f e r e n c e  betw een the mean larval o u tp u ts  i n  th e  two g ro u p s . ,
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Only one worm was found i n  th e  
lu n g a  a t  n ec ro p sy  of calves i n  th e  e a r ly  treatment g ro u p ,
Although th e r e  a p p e a rs  to  be a  d i f f e r e n c e  in th e  numbers o f  worms 
found i n  g roups 2 and 3 calves this is not s i g n i f i c a n t  because  
of th e  l a r g e  s ta n d a rd  d e v ia t io n ,
iS 2 S i i2 i2 ^ *  mean v a lu e s  f o r  haem oglobin ,
leukocytes and e o s in o p h i ls  o f  th e  th r e e  groups a r e  sh o rn  i n  
g rap h s 4 to  6 ,
P a th o lo ^ ^ _ (g ro u p _ l2 . At post mortem ex am in a tio n  th e r e  
was no c o n s o l id a t io n  found i n  th e  lungs o f  any an im al in this 
group ex c ep t i n  a  few lo b u le s  a s s o c ia te d  w ith  th e  p re se n c e  o f  
th e  s in g le  worm i n  c a l f  56. One n o ta b le  f e a t u r e ,  how ever, was 
th e  p re se n c e  i n  all lungs o f  m u l t ip le  g rey -p in lc  n o d u le s , 1 to  2 mm, 
in  d ia m e te r , These were found b o th  e u b p le u ra l ly  and i n  th e  
su b s ta n c e  o f  th e  lung ( f i g .  1 7 ) ,  and there were ap p ro x im a te ly  
50 visible on th e p le u r a l  s u r f a c e s  in each c a l f .  H is to lo g ic a l ly  
these nodules c o n s i s t  o f  a  c e n t r a l  dead immature lungxforra which 
had lost i t s  normal staining affinity and was su rro u n d ed  by
w ell-d e v e lo p e d  lymphoid t i s s u e  ( f i g s ,  18 and 1 9 ) ,  These n o d u la r
lesions a r e  i d e n t i c a l  to  th o se  found i n  ex p erim en t 9 , on th e  
p a th o g e n e s is  o f  i r r a d i a t e d  l a r v a e ,  and d e s c r ib e d  a s  lymphoretioular 
bronoho-ooclusive l e s io n s .
g a t h û l o ^   ^(Group 2 ) ,  There was no m acroscop ic  d i f f e r e n c e
between the l é s io n s  in group 2 c a lv e s  and th o se  i n  group 3 c a lv e s ,
and the l e s io n  s c o re s  (T ab le  l )  show t h a t  th e r e  was no q u a n t i t a t iv e  
d i f f e r e n c e  i n  e x te n t  o f  c o n s o l id a t io n .
H is to lo g ic a l ly ,  a l l  o f  the c a lv e s  had ty p i c a l  l e s io n s  o f  
p a te n t  p a r a s i t i c  b r o n c h i t i s  b u t ,  i n  a d d i t io n  to th e s e ,  th e re  
were o th e r  changes w hich a re  I n f r e q u e n t ly  seen  i n  u n co m p lica ted  
primary i n f e c t io n s  j In c a l f  48 , w hich had o n ly  19 worms a t
p o s t  mortem , every h i s t o l o g i c a l ’ s e c t io n  c o n ta in e d  th e s e  l e s io n s .
The l e s io n s  had three m ain components :
1) The luminal contents,
2) the r e a c t io n  and b reach  o f  the e p i t h e l i a l  l i n i n g ,
3) the reaction in the lamina propria*
The lim en a  o f  th e  a f f e c te d  a i r  p a ssa g e s  were p lugged  w ith  
an  in te n s e ly  cellular ex u d a te  c o n s is t in g  largely of eosinophils
which ap p eared  to  be dead or dying, a s  many had a  w aning s t a in in g  
a f f i n i t y  and a  d eg ree  o f  ap p a re n t f u s io n  o f  g ra n u le s .
The worms embedded in this ex u d a te  were dead and disintegrating 
(figs. 20 and 2 1 ) . They had become g e n e ra l ly  more e o s in o p h i l i c ,  
a l l  o u t l i n e s  were b lu r r e d ,  and the c u t i c l e  was ru p tu re d  and 
separated o f f  from  th e  underlying tissue, a llo w in g  the e n tra n c e  o f  
leukocytes.
Pieces of dead helminth somatic material, apparently when 
in contact with the epithelium caused it to undergo a local hyper­
trophy and hyperplasia and to slough off, leaving a breach in the 
wall (fig. 22). There is then a giant cell reaction at this site; 
the component Multinucleated cells appear to be of both epithelial, 
endothelial and the more normal mesenchymal foreign body giant cell 
types. Where a female worm has ruptured and the eggs lie against 
the wall of the bronchiole, the reaction is particularly intense*
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The ee3J.B o f  th e  lam in a  p r o p r ia  become very much in c re a s e d  
i n  number; t h i s  i s  due p a r t l y  to  th e  fo re ig n  body r e a c t io n  
d e s c r ib e d  and p a r t l y  to  an  i n f i l t r a t i o n  w ith  e o s in o p h i ls ,  b u t 
a  marked f e a tu r e  i s  th e  o cc u rren c e  o f  many c e l l s  o f  th e  p lasm acy te  
s e r ie s *  I t  i s  se en  by p y ro n in -m e th y l g reen  s t a in in g  t h a t  many 
o f  th e  r e t ic u lu m  c e l l s  a re  a c t iv a te d  and have s t ro n g  cy to p lasm ic  
p y r o n in o p h il ia ,  and t h a t  im m ature and young* m atu re  form s a r e  
p ro m in en t. T h is  i s  p ro b ab ly  r e p r e s e n t in g  th e  s t a r t  o f  an  a n t i ­
b o d y -p ro d u c in g  system . Mast c e l l s  a re m o d e ra te ly  in c re a s e d  in  
number, th e r e  b e in g  f i v e  to  s ix  p e r  h ig h  power f ie ld *  I t  i s  
known from  th e  h i s t o l o g i c a l  s e r i e s  d e sc r ib e d  i n  exp erim en t 9 
t h a t  th e  f u r t h e r  p ro g re s s  o f  t h i s  l e s io n  i s  th e  o c c lu s io n  o f th e  
b ro n c h io le  and th e  m u l t ip l i c a t i o n  o f  ly m p h o re t ic u la r  c e l l s  i n  th e  
w a ll ,  so t lm t u l t im a te ly  an a re a  o f  new ].ymph n o d a l t i s s u e  i s  
form ed around t h i s  segm ent o f  th e  a i r  p a ssa g e i T h is  i s  s t r i c t l y  
ana3.ogous to  th e  l e s io n s  produced by th e  dead la rv a e  i n  group 1 
c a lv e s  and th e s e  l e s io n s  were i n  th e  lymph n o d a l developm ent 
phase  s in c e  th e  d e a th  o f  th e  p a r a s i t e s  o c c u rre d  ab o u t 14 days 
e a r l i e r  th a n  group 2 ca lv es*
D isc u ss io n .
The r e s u l . t s  o f  t h i s  exp erim en t f u l l y  su p p o rt th e  o r ig in a l  
d isc o v e ry  o f .D a rk e r  ©f th e  e f f ic a c y  o f  DBOZ a g a in s t  th e  im m ature 
form s o f  D* v iv ipaiU B  and a l s o  th row  some l i g h t  on th e  mode o f  
a c t io n  o f  t h i s  d ru g  and th e  changes produced i n  th e  h o s t .  They 
do n o t su p p o rt th e  v iew  t h a t  i t  h a s  th e  b e n e f i c i a l  e f f e c t  when 
used  to  t r e a t  f u l l y  d eve loped  in f e c t io n s .
1 3 1 .
G-roun 1 -  P ré p a ie n t  T re a tm en ts VJiien th e  tr e a tm e n t  i s  s t a r t e d  
14 days a f t e r  i n f e c t i o n ,  a s  i n  group 1, th e  m a jo r i ty  of i n f e c t in g  
la rv a e  have developed  to  th e  f i f t h  o r  im m ature a d u l t  s ta g e .  They 
a r e  found a s  was shown in  experim en t 8 , i n  b ro n c h io le s ,  i n  b ro n c h i 
and i n  th e  tra c h e a*  In  l i g h t  i n f e c t io n s ,  few c l i n i c a l  s ig n s  
a r e  seen  a t  t h i s  tim e . In  m o d e ra te ly  heavy i n f e c t i o n s ,  such  a s  i n  
th e  p r e s e n t  ex p e rim en t, some tachypnoea i s  p r e s e n t  and th e r e  may 
be cough ing . The s to c lm en  d id  n o t n o t ic e  t h a t  th e s e  c a lv e s  were 
" i l l "  i n  th e  p r e s e n t  ex p e rim en t. In  heavy i n f e s t a t i o n s ,  e .g .
50 ,000 l a w a e ,  ( J a r r e t t ,  M cIn tyre and Ifrq u h art 1957) » ca3.ves may 
be m oribund and do n o t u s u a l ly  s u rv iv e  th e  t h i r d  week. The 
im p o rta n t u n d e r ly in g  p o in t  i s  t h a t  pneumonia I s  n o t  a  marked f e a tu r e  
a.t t h i s  s ta g e  o f  th e  d i s e a s e .  The a s s o c ia te d  l e s io n s  a re  an 
e o s in o p h il  b r o n c h i t i s  w ith  p o s s ib ly  lo b u la r  c o l la p s e  d i s t a l  to  
p lugged  b ro n c h io le s .  D eath i n  h e a v i ly  in f e c te d  an im als  i s  caused  
by pulm onary oedema and h y a l in e  membrane fo rm a tio n . I t  i s  to  be 
e x p e c te d , th e r e f o r e ,  t h a t  i f  th e  la rv a e  a re  k i l l e d  and e x p e lle d  
and i f  th e r e  i s  no marked d i s r u p t io n  o f  th e  bronchopulm onary 
a r c h i t e c tu r e ,  th e  l e s s  se v e re  form s o f  th e  p r e p a te n t  d is e a s e  
w i l l  r e s o lv e  q u ic k ly .
T h is r a p id  r e s o lu t io n  a p p e a rs  to  have ta k e n  p la c e  i n  th e  
e a r ly  tr e a tm e n t g ro u p . V i r tu a l ly  no worms wore found a t  n ecropsy  
and th e  absence o f  l a r v a e  i n  th e  f a e c e s  i n d ic a t e s  t h a t  th e r e  was 
no s i g n i f i c a n t  developm ent t) th e  adu l.t s ta g e .  T h is  i s  confirm ed  
by th e  absence  o f  th e  c o n s o l id a t in g  le s io n s  alw ays foim d i n  p a te n t  
h u sk , and by th e  c l i n i c a l  r e s o lu t io n  a f t e r  t r e a tm e n t .
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A f a c t  o f  g r e a t  i n t e r e s t  I s  th e  developm ent o f  b ro n c h ia l  
and b ro n c h io la r  ly m p h o re tic if! .a r n o d u le s  i n  th e  c a lv e s  t r e a t e d  
e a r ly .  S ira i la r  l e s io n s  have been  d e s c r ib e d  a f t e r  c h a lle n g e  i n  
c a lv e s  immunised by any o f  f o u r  m etiiods:
1 . îJyperlmmmie serum . ( J a r r e t t ,  J e n n in g s , M cIn ty re , M u llig an  and 
Ur qi?har t , 1 9 5 5 ).
2 . Ivhol© worm v a c c in e , ( J a r r e t t ,  J e n n in g s , M cIn ty re , M u llig an  and 
U rq u h a rt, I9 6 0 ) .
3* P re v io u s  norm al i n f e c t i o n ,  a s  i n  experim en t 10 .
4# I r r a d i a t e d  l a r v a l  v a c c in e , a s  i n  experim en t 1 0 .
The l e s io n s  have a ls o  been  found i n  non-immone c a lv e s  which 
have been g iv e n  one dose o f  i r r a d i a t e d  la r v a e .  As d e s c r ib e d  in  
experiment 9 , i t  was p o s s ib le  i n  th e  l a t t e r  c a s e ,  by s e r i a l
k i l l i n g ,  to  s tu d y  th e  developm ent o f  th e s e  l e s i o n s ,  and th e
s u g g e s tio n  was made t h a t  th ey  a r e  form ed i n  re sp o n se  to  
in h ib i t e d ,  d y in g  o r  dead p a r a s i t e s ,  th e  p a r a s i t o e i d i c  o r  p a r a s i t e -  
s t a t i c  ag e n t b e in g  e i t h e r  a n t ib o d ie s  in  th e  c a se  o f  immune c a lv e s ,  
o r  r a d i a t i o n  e f f e c t  i n  th e  i r r a d i a t e d  l a r v a e .  T h is  I s  an im p o rta n t 
p o in t  i n  p a r a s i t i c  im m unity, a s  th e  r e l a t i v e  r o l e s  o f  hum oral and 
cellular re sp o n se s  have n o t y e t  been  c l e a r ly  elucidated. The 
f in d in g s  i n  th e  p r e s e n t  ex p erim en t su p p o rt th e  hypo t h e s i s  we have 
p u t fo rw ard  ( J a r r e t t  and S h a rp ,1963) t h a t ,  a t  l e a s t  i n  th e  e a se  o f  
c e r t a in  p a r a s i t e s ,  any s e t  o f  c irc u m sta n c e s  which w i l l  a d v e rs e ly  
affect o r  k i l l  the h e lm in th s  w i l l  i n i t i a t e  th e  fo rm a tio n  o f  
( l )  b ig a r r e  b r o n c h ia l  e p i t h e l i a l  h y p e rp la s ia  and d i s r u p t io n  o f  th e  
c e l l  s h e e t ,  (2 )  e o s in o p h i l ic  leu lcocy te  i n f i l t r a t i o n  o f  th e  lam in a  
p r o p r ia  and e p i th e l iu m ,
1 3 3 .
(3 ) mill t i p i  I c a t  io n  o f  ly m p h o re ticx ila r  c e l l s  i n  th e  w a l ls  o f  
a i r  p a s sa g e s  lo a d in g  to  (4 ) th e  fo rm a tio n  o f  c u f f s  o f  n o d u le s  
o f  lymph n o d a l ty p e  t i s s u e  w ith  g e ra iin a l c e n t r e s  su rro u n d ed  
by lym phocytes and p lasm a c e l l s .  The c o n t r ib u t io n  o f  such  
f o c i  to  th e  p r o te c t iv e  a n t ib o d ie s  i s  a s  y e t  unlmo\m; t h i s  
c e llu 3 .a r  p r o l i f e r a t i o n  may be i n  re sp o n se  to  so m a tic  a n t ig e n s  
w hich may o r  may n o t  g iv e  r i s e  to  p r o te c t iv e  a n t ib o d ie s .
S in c e , a s  was shown i n  ex p e rim en ts  8 and 9 , i r r a d i a t e d  l a r v a e ,  
th e  m a jo r i ty  o f  which do n o t p ro g re s s  beyond f o u r th  o r  e a r ly  
f i f t h  s ta g e ,  can  s t im u la te  im m unity and a ls o  p ro d u ce  s im i la r  
l e s i o n s ,  i t  i s  p ro b a b le  t h a t  c a lv e s  i n  i h i c h  th e s e  l a r v a l  s ta g e s  
have been  k i l l e d  by DBOZ m i l  a ls o  become Immune. This ap p eared  
to  be th e  c a se  i n  two c a lv e s  which were r e in f e c te d  by P a rk e r .
When th e s e  lym phoid l e s i o n s ,  which a r e  b ro n c h o -o c c lu s iv e  i n  
n a t u r e , a r e  p r e s e n t  i n  v e ry  la r g e  num bers, th e y  may g iv e  r i s e  to  
c l i n i c a l  s ig n s  and even d e a th . Xt i s  common e x p e rie n c e  to  f in d  
some cough ing  and tach y p n o ea  when Immune muimals a r c  exposed to  
heavy c h a lle n g e ;  c a s e s  have been  seen  i n  th e  f i e l d  and i n  th e  
v e te r in a r y  h o s p i t a l ,  where d e a th  from  th e s e  l e s io n s  h a s  o c c u rre d  
i n  a d u l t ,  n a t u r a l l y  exposed a n im a ls . One farm  l o s t  17 cows t h i s  
way. I t  i s  im p o r ta n t to  n o te  t h a t  some an im als  w ith  a  heavy 
p re p a te n t  i n f e c t i o n  m igh t be k i l l e d  by DEOZ tr e a tm e n t .  I t  m ight 
be s a id  t h a t  i f  th e y  a r e  k i l l e d  by t h i s  r e a c t io n ,  th e n  i t  i s  o n ly  
a n t i c i p a t i n g  by a  few  days d e a th  duo to  th e  d is e a s e  p ro p e r ;  t h i s  
i s  n o t n e c e s s a r i ly  th e  c a s e .  The r e s u l t s  o f  th e  q u an t i t  active 
ex p erim en t (number 8) i n d i c a t e ,  w ith o u t p ro v id in g  d e f i n i t e  p r o o f ,
1 3 4 .
t h a t  when 1 ,0 0 0  la r v a e  a r e  g iv e n  to  a  ca3„f ap p ro x im a te ly  600 
re a c h  th e  lim ga and p e r s i s t  i m t i l  abou t th e  end o f  th e  second 
week a f t e r  i n f e c t i o n ,  when th e r e  i s  an e x p u ls io n  o f  im m ature 
form s so t h a t  o n ly  200 to  250 a re  r e ta in e d  to  form  th e  adu3.t 
p o p u la t io n  found a t  th e  p a te n t  s ta g e .  I t  may w e ll  be t h a t  a  
c a l f  w hich co u ld  s u rv iv e  pulm onary damage req u i.red  to  produce 
a  c rop  o f  number o f  a d u l t s  In  th e  b ro n c h i, co u ld  n o t  - su rv iv e  
th e  e f f e c t s  o f  b ro n c h o -o c e lu s iv e  le s io n s *
The s ig n i f ic a n c e  of th e  r e s u l t s  o f  ex p erim en t 8 quoted  i s ,  
a s  im s th e r e  s t a t e d ,  ozüy in  doub t because o f  th e  sm a ll m m bers 
o f  c a lv e s  (tw o) w hich were k i l l e d  a t  each  serial tim e  I n t e r v a l  
a f t e r  i n f e c t io n ;  t h i s  does n o t p e rm it a  v a l id  s t a t i s t i c a l  
a n a ly s i s  to  be made. However, i t  may be t h a t  many o f  th e  
im m ature form s k i l l e d  o r  im m ob ilised  by a r e  i n  f a c t  removed
from  th e  b ro n c h i w ith o u t t r a c e ,  and o n ly  th o s e  i n  th e  a i r  p a ssa g e s  
o f  sm a ll d ia m e te r  cau se  le s io n s *  D arker and R o b e rts  (1958) 
c h a lle n g e d  th e  im m unity o f  two c a lv e s  which had iD reviously  been 
e u e q e s s fu l ly  t r e a t e d  and n o t ic e d  a  se v e re  c l i n i c a l  r e a c t io n  
d u r in g  th e  second  and t h i r d  w eeks; t h i s  izas a lm o st c e r t a i n l y  due 
to  such  b ro n c h ia l  l e s i o n s .
Group 2 -  P a te n t  T re a tm en ts Group 2 c a lv e s  w hich were t r e a t e d  
d u r in g  th e  p a te n t  p e r io d  had no improvem ent o v e r  th e  c o n t r o l s .  The 
c l i n i c a l  c o n d i t io n s  o f  th e  c a lv e s  and th e  e x te n t  o f  th e  pneumonia 
a t  n ecro p sy  were th o s e  o f  s e v e re  h u sk . The mean l a r v a l  o u tp u t 
o f  th e  two g roups was s t a t i s t i c a l l y  s im i la r  and th e r e  was no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  th e  mean worm b u rd en s , 
a lth o u g h  th e  mean o f  th e  t r e a t e d  c a lv e s  was lo w er.
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S e v e ra l p o in ts  m ust be borne i n  mind co n c e rn in g  th e  l a t t e r .
Birst, th e  mean la rv a ] , o u tp u t i n  th e  t r e a t e d  group vraa con­
s i s t e n t l y ,  a lth o u g h  n o t s i g n i f i c a n t l y ,  h ig h e r  th a n  in th e  
c o n t ro l  g ro u p , in d i c a t in g  t h a t  th e r e  was a t  l e a s t  m m e r io a l  
p a r i t y  i n  worm bu rd en  betw een th e  two gToups. Second, th e r e  
i s  n o rm ally  a  f a i r  s c a t t e r  i n  th e  worm bu rd en s o f  any t e n  c a lv e s  
and th e  d i f f e r e n c e  I n  means may be due to  chance a s  S tu d e n t 's  
" t"  t e s t  in d ic a te s * . However, th e r e  i s  no doub t t h a t  a t  l e a s t  
i n  c a l f  43 (and p ro b a b ly  a ls o  i n  c a l f  53) DEOg seiMis to  have 
caused  d e a th  o f  a d u l t  worms* C a lf  40 p r e v io u s ly  had a  f a e c a l  
l a r v a l  o u tp u t o f  1 ,1 0 0  eggs p e r  gram and had  th e  m ost se v e re  
d eg ree  o f  c o n s o l id a t io n  of any o f  th e  c a lv e s  i n  th e  e x p e rim en t, 
y e t  i t  had o n ly  19 worms a t  necropsy* I t  might be argued  
t h a t  t h i s  was m ere ly  one o f  th o se  o c c a s io n a l an im a ls  which th row s 
o f f  i n f e c t i o n  e a r l y ,  b u t  h e re  th e  h is to lo g y  i s  m ost i l lu m in a tin g *
In  ev e ry  c a l f  i n  th e  l a t e  t r e a ts ie n t  g ro u p , and i n  ev e ry  
s e c t io n  ta k a h  from  th e  lu n g s  o f  c a l f  48, th e r e  a r e  b ro n c h ia l  
l e s io n s  o f  th e  ty p e  d e s c r ib e d  p re v io u s ly  and which a r e  th e  a d u l t  
worm an a lo g u e  o f  th e  l e s io n s  d is c u s s e d  i n  th e  e a r ly  tr e a tm e n t 
group* VJhen th e  l e s io n s  a r e  caused  by a d u l t s  t h ^  m?e, a s  one 
would e x p e c t, o f  g r e a t e r  s e v e r i ty  and a f f e c t  a  b ig g e r  a r e a  o f  
pulm onary t is s u e *  The p re se n c e  o f  th e s e  l e s io n s  plus th e  norm al 
husk  l e s io n s  e x p la in s  th e  se v e re  c l i n i c a l  s t a t e  o f  th e . an im a ls  and 
g iv e s  r i s e  to  g rav e  d o u b ts  ab o u t th e  b e n e f i c i a l  e f f e c t  o f  t h i s  
d rug  when u sed  a g a in s t  heavy p a te n t  in f e c t io n s *
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A sm a ll b u t I n t e r e s t i n g  p o in t  a r i s e s  from  a c o n s id e r a t io n  
o f  th e  mean e o s in o p h il  p e rc e n ta g e s  o f  th e  g ro u p s (g ra p h s  5 and 6 ) .  
Group 1 shows a  v e ry  r a p id  r i s e  to  o v e r TÂ on th e  1 8 th  day , i . e .  
on th e  t h i r d  day o f  BBCZ t r e a tm e n t .  By an a lo g y  w ith  th e  t im in g  
o f  th e  developm ent o f  th e  ly m p h o re t ic u la r  b ro n c h o -o c c lu s iv e  
l e s io n  i n  ex perim en t 9 , th e  e o s in o p h il  b lood  r i s e  m ost p ro b a b ly  
r e f l e c t s  th e  f i r s t  s ta g e  o f  th e  l e s io n ,  v i s .  an e o s in o p h il  
b r o n c h i t i s  w ith  o c c lu s io n  a s  shoim  i n  f ig u r e  9 o f  ex p erim en t 9 . 
Both o th e r  g roups show a  s im i la r  t r e n d ,  r e f l e c t i n g  a  p ro b a b ly  
s im i la r  l e s io n  b u t one o f  a  l e s s e r  d e g ree ,
When th e  r e l a t i v e  and a b s o lu te  numbers o f  e o s in o p h ils  
were d e c l in in g  o r  low i n  th e  o th e r  two g roups a f t e r  th e  3 0 th  day , 
group 2 i s  i n t e r e s t i n g  i n  t h a t  i t s  e o s in o p h il  p e rc e n ta g e  ro s e  
f a i r l y  s te e p ly  from  th e  tim e o f  DEO2 tre a tm e n t u n t i l  d e a th . The 
in c r e a s e  h e re  p ro b ab ly  r e f l e c t s  th e  e o s in o p h il  component o f  th e  
ex a g g e ra te d  r e a c t io n  to  dead and d i s i n t e g r a t i n g  a d u l t  worms 
a s  shown i n  f i g u r e s  20 and 21. •
I t  i s  d o u b tfu l  w hether th e  e o s in o p h i l ic  re sp o n se  co u ld  be 
u sed  by th e  c l i n i c a n  a s  a  g u id e  to  th e  p a th o lo g ic a l  e v e n ts  
o ccu iT in g  'under t r e a tm e n t i n  th e  f i e l d ,  b u t i t  does seem
w orthy o f  f u r t h e r  i n v e s t i g a t io n .
The f a c t s  p re s e n te d  above p ro b ab ly  e x p la in  th e  a p p a re n t va5?i- 
a t io n s  i n  e f f i c a c y  o f  t h i s  d ru g  i n  th e  f ie ld *  I f  th e  t r e a t e d  
an im al i s  i n  th e  p r e p a te n t  s ta g e  o r  i f  i t  h a s  a  m ild  I n f e c t io n  
a s s o c ia te d  w ith  th e  r e g u la r  u p ta k e  o f  sm a ll num bers o f  l a r v a e , one 
m ight ex p e c t good and som etim es s p e c ta c u la r  r e s u l t s .  I n  th e  
deve loped  d is e a s e ,  how ever, th e  lu n g  damage may even be in c re a s e d
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i n  e x te n t  and s e v e r i t y *
One p o s s ib le  o b je c t io n  to  th e  p re s e n t  ex perim en t i s  
t h a t  th e  c a lv e s  were k i l l e d  to o  soon a f t e r  t r e a tm e n t ,  b u t 
i t  fmn n e c e s s a ry  to  k i l l  a t  th e  h e ig h t  o f  p a ten c y  i n  o rd e r  
to  g e t  a  v a l id  com parison  o f  worm numbers i n  th e  t r e a t e d  
c a lv e s  and th e  c o n tro ls *
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TABLE i -  Summary of the  Respiratory R ates, W eight G ains, Larval 
O utputs, Worm Burdens and Lesion Scores in  the C alves 
Infected with Parasitic  Bronchitis.
Peak re -  
C alf spiratory 
Mo. rate
Group mean 
respiratory 
ra te  peak *
W eight
gain
Group
Mean
GROUP 1 45
54
55
56
57 
60
80
65
60
60
90
90
70 51
45
41
39
19
29
37 t  11. S
GROUP 2 46 120
48 130
50 100
58 120
59 140
61 105
100 16
33
27
32
6
32
24 f  11.0
GROUP 3 47
49
51
52
53 
62
130
140
130
100
130
130
120 18
17
24 
49
25 
16
25  ^ 12.4
* These are not means of ths; preceding column; they represent the group 
mean on the day it  was h ighest.
137 b
Peak GroüD
la rv a l : m^aid
Outpüt (lanrâq/Gm *]
Wo&m . lé s io n
BurdoB Mmn  8cor@ Mean
, 0 O.P Ô <0.3
0 0
0
042 3754301
75Ù
34Ô
350
350
J { u
TABLE 2 -  Respiratory Rates per Minute of the Calves in Group 1
„ C alf Number S.D<Day Mean
57 55 56 45 54 60
1 20 20 30 40 30 45 31 11.32
2 30 25 30 45 30 45 34 8.61
3 35 25 40 SO 30 35 36 8.61
4 ' 40 30 35 50 35 45 39 7.36
5 30 30 45 50 30 40 38 8.82
6 40 25 35 50 30 40 37 8.76
7 50 30 35 55 40 35 41 9.76
8 40 25 35 50 30 60 40 13. 04
9 45 25 40 50 35 35 38 8,76
10 50 40 35 50 30 40 41 8,01
11 40 35 50 45 40 40 42 5.18
1 2 60 35 40 50 35 60 47 11.7
13 SO 50 50 50 40 65 48 8.59
14 60 55 60 65 65 70 63 5.27
15 70 60 60 70 60 65 64 5.92
16 90 50 65 80 65 70 70 13.78
17 70 60 55 50 50 90 63 12 .24
18 55 35 50 50 35 60 43 10.8
19 45 35 50 50 40 60 47 8 .8
20 50 45 55 60 40 55 51 7.36
21 45 45 45 60 35 45 46 8.01
22 60 50 50 60 35 60 S3 9.9
23 50 45 40 55 40 45 46 5,31
24 60 45 45 50 40 60 50 8.36
25 45 40 35 60 35 60 46 11.6
26 55 50 50 55 50 55 53 2 .5
27 50 45 45 65 45 70 53 11 .2
28 60 40 50 60 40 60 52 9 .6
29 45 40 50 60 40 60 49 9.2
30 SO 40 45 50 50 50 48 4 .2
31 50 50 50 55 45 60 52 4,3
32 65 45 50 50 45 45 50 7 .7
33 45 50 50 55 45 50 49 3.9
34 40 50 50 60 45 55 50 7.07
35 40 40 55 50 45 50 47 6,06
36 50 50 45 50 45 . 50 48 2 .6
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{Che e f f e c t  o f  d le t lw lcarham aî^ine on p a r a s i t i c  b r o n c h i t i s
T^aphlcaX re o M lts .
GROUP I —  GROUP 2 ----- G ROUP 3 - - - RESPIRATORY RATE OF CALVES.
120
!
110-
100
DAY OF EXPERIMENT
i*M ean group respiratory r a t e s  (p a r  m in u te ) . (Group 1 
e a r ly  t r e a t e d ,  group 2 l a t e  t r e a t e d ,  g roup  3 c o n t r o l s . )
MEAN BODY WEIGHT OF CALVES 
GROUP I  GROUP 2 ----  GROUP 3 --------
150
140
130- X
120
/ /
IŒ
DAY OF EXPERIMENT
Mean group body w e ig h ts  i n  l b s .  d u r in g  th e  e x p e rim e n t. (Group 2 
e a r ly  t r e a t e d ,  group 2 l a t e  t r e a t e d ,  group  3 c o n t r o l s ) .
MEAN LARVAL OUTPUT6 0 0 r
GROUP 2 GROUP 3 —
5 0 0
4 0 0
3 0 0
200
iOO
26 28  3 0  32
DAY OF EXPERIMENT
3 4
Qmup ramn l a r v a l  oulp iato  p er  
o î  f a o e a s ,  {(çc-oup 
tr e a t0ip ^roiip 3 contrôla)
2 l a t e
1 4 0 *
MEAN HAEMOGLOBIN IN GRAMS^lOOmL3 — 'GROUP
10-5
I
; IOO
9'5
9 0
  /
85
DAY OF EXPERIMENT
haemoglobin levels (Gm./lOO 1
early treated* group 2 late treated» groups oomtrols)#
GROUP I — -  GROUP 2 ■—  GROUP 3 ------ MEAN WHITE CELL COUNT
lOOOOr
9 0 0 0 -
8 0 0 0
6 0 0 0
50QCF
DAY OF EXPERIMENT
f if'A .
meoa leulcooyte ooimte (e e lle  per oii.mm*), (Grovp 1
early treated, group 2 late treated, group ^  eozitrole).
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3
M EA N  E O S IN O P H IL  PERCEN TA G ES 
G R O U P  I —  * —  2 —  ■ 3 ------------
\________
8 II 15
DAY O F  E X P E R IM E N T
4 2218 25 29 3 2 3 6
“Group mean b lo o d  e o s in o p M l p e rc e n ta g e s  o f  t o t a l  
w h ite  c e l l  c o u n t. (g roup  1 e a r ly  t r e a t e d ,  group 
2 l a t e  t r e a t e d ,  group 3 c o n t r o l s ) .
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Illustrations for experiment n .
Figure 17.
lymphoid nodulea In aubatanca of lung. XB.
» y  T u
W
K â
m m»
S^ • lymphoid nodula showing bronchiolar 
worm (arrowed.). X30. lumen and dead
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m
I
u
^^ 3^UÛÎ-ÂZ* «lorH, which has lost its normal staining
affinities, surrounded by lynqdioreticular tissue.X200.
W w ^
m m m
i.ifi*Diaintegratlng adult female In bronchua showing marked
exudate of eosinophils in bronchial lumen and the reaction 
of the bronchial wall to the eggs. X25.
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Figura 21.
Disintegrating female in bronchus. XJO.
ZifiîiZÜî—22* Ulceration of bronchial mucosa and beginning of lympho- 
reticular response in lamina propria. %50.
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B eo tio n  I .
Ab th e y  a r e  c lo s e ly  c o r r e l a t e d ,  th e  th r e e  ex p e rim en ts  
described under t h i s  s e c t io n  carry a  common d lscnso loaib  They 
a r e  concerned  w ith  th e  co m p ara tiv e  q u a n t i t a t iv e  and q u a l i t a t i v e  
a s p e c ts  o f  th e  c o u rse  o f  infections' o f  norm al and i r r a d i a t e d  
D& v iv in a ru B  la r v a e  i n  c a lv e s .
T h is  ex p erim en t was e n t i r e l y  q u a n t i t a t i v e  
i n  n a tu r e .  Thirteen c a lv e s  each  re c e iv e d  1 ,0 0 0  X - l r r a d ia te d  
la r v a e  and 15 c a lv e s  re c e iv e d  1 ,0 0 0  norm al larvae. The c a lv e s  
were k i l l e d  i n  p a i r s ,  one from  each  g roup , a t  i n t e r v a l s  from  
p o a t r in f è c t io n  day 1 to  day 55# A pprox im ately  a  q u a r te r  o f  th e  
irradiated la r v a e  w ere p r e s e n t  i n  th e  lu n g s  11 days a f t e r  i n f e c t io n ,  
b u t t h i s  l e v e l  f e l l  s te e p ly  u n t i l  o n ly  a  few s tu n te d  s t e r i l e  
worms w ith  a  m a le /fem a le  r a t i o  o f  ap p ro x im a te ly  1*10 w ere found .
In  th e  ’normal* group ap p ro x im a te ly  600 la rv a e  reac h ed  th e  
lu n g e  by th e  1 5 th  day and p e r s i s t e d  f o r  th r e e  to  fo u r  days when 
th e r e  was an  e x p u ls io n  o f  Im m ature form s v ia  th e  tra c h e a *  T h is  
r e s u l t e d  i n  a  f i n a l  a d u l t  p o p u la t io n  o f  betw een 200 and 250 worms. 
T h is  I n f e o t iv e - d o s e  to  fin a l-w o rm -b u rd en  r a t i o  o f  1 :4  o r  1 :5  i s  
q u i te  f a m i l i a r  to  everyone who has worked w ith  p. viviparus o f  
s ta n d a rd is e d  i n f e c t i v l t y •
E xperim ent 9* T h is  was d es ig n ed  to  i n v e s t ig a te  th e  h o s t■ fr«cB n1lkca0B ri»(5aii«ca(e»«ac»O R i»C ]U
r e a c t io n  to  th e  v a c c in e  by s tu d y in g  th e  h i s t o l o g i c a l  r e a c t io n s  
to  i r r a d i a t e d  la r v a e  a s  th e y  m atured  i n  th e  lu n g e , a g a in  w ith  th e  
u se  o f  a  s e r i a l  k i l l i n g  te c h n iq u e  a l t h o u ^  w ith  lo n g e r  i n t e r v a l s
1 4 6 ,.
baaed on a probable expectation of lesion type# The pathological 
basis of the mild and transient olinloal signs sometimes seen 
after vaccination Is described# They are due to the temporary 
bronchiolar blocking effect of the eosinophil response to larvae 
dying in the lumen# jD^ st of such lesions are cleared but some 
progress through three main stages to become fully developed 
lymphoreticular nodules with a lymph nodal structure and germinal 
centres.
This experiment performed to investigate 
the pulmonary immune mechanism in calves twice vaccinated with
1,000 Irradiated larvae for one group and the same number of 
normal larvae for the other group. Both groups were heavily 
challenged and a serial killing procedure was followed at intervals 
after challenge; as before, the lunga were pathologically 
examined in detail. Many lymphoreticu].ar nodules were found in 
both groups and the relationship of these to the clinical signa 
seen after heavy challenge in an immune animal and to the eigne 
seen in an adult bovine of insufficient immunity are indicated 
and commented upon. The possible functions of the peribronchial 
and peribronchiolar lymphoreticular nodules as sites in antibody 
production and their influence on the interpretation of serological 
tests are discussed.
Experiment 11* The effect of dlethylcarbamaslne (BBGS) on 
prepatent and patent parasitic bronchitis was tested# Eighteen 
calves were divided into three equal groups. All received 4,000 
normal larvae of D. vivinarus on day 1. Calves of one group 
began a three^ d^ay
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dosing schedule %Tith DEGZ starting on day 15, and those of 
anothez' group started a similar schedule on day 51# Oalvee 
ill the third group received no drug and served as controls#
All were killed on day 57*
In the calves treated in the prepatent period the disease 
was almost completely suppressed as judged by clinical,
parasitological and pathological criteria. The only lesions 
produced were those of peribronchiolar and peribronchial lympho­
reticular proliferation caused by intra-luraenal death of larvae.
The immunogenic s ig n i f ic a n c e  o f  t h i s  lesion and its similarity 
to that a r i s i n g  in o th e r  oirG U B staneee a re  discussed.
The calves of the late treatment group were not significantly 
different from the controls according to clinical, parasitological 
or gross pathological findings. Histologically there were severe 
bronchiolar and bronchial destructive lesions apparently caused 
by the death of adult worms in situ. The similarity between 
this finding and the ’lesion of insufficient immunity’, which can 
kill partially immune cattle in the field, is discussed.
It is concluded that under the conditions of this experiment, 
DEO& was highly effective against the prépaient stage of the 
disease; the claim that it is beneficial against fully developed 
husk could not be substantiated and the reverse may be the case.
As a final conclusion from experiments 9, 10 and 11, it is 
suggested that the peribronchial or peribronchiolar lymphoid 
lesions are formed in response to inhibited, dying or dead parasitée.
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th e  p a3 ?ae ito c ld lo  o r  p a r a s i t o s t a t i c  ag en t b e in g  a n t ib o d ie s  
in  th e  ea se  o f  iirmnune an im a ls , r a d ia t io n  e f f e c t  i n  th o se  
r e c e iv in g  I r r a d i a t e d  la rv a e  o r  a  p o s s ib le  o p so n in  o r  o th e r  
s u r fa c e  e f f e c t  i n  th e  c a se  o f  th o se  r e c e iv in g  d le th y lc a rb a m a s in e  
The m agnitude o f  th e  c l i n i c a l  syndrome depends on two f a c t o r s :
1» I f  th e  lungworms a re  k i l l e d  e a r ly ,  ae f o u r th  o r  
e a r ly  f i f t h  s ta g e  l a r v a e ,  th e  in d iv id u a l  l e s io n s  te n d  to  be 
sm a lle r  i n  s i 0 o; i f  th e y  a re  k i l l e d  l a t e r , a s  a d u l t s  o r  n e a r ­
a d u l t s ,  th e  l e s io n s  a r e  c o n s id e ra b ly  g r e a t e r .
2m The l a r g e r  th e  number o f  in d iv id u a l  worms i n  th e  
lu n g , w hatever t h e i r  s ta g e  o f  g row th , th e  g r e a t e r  w i l l  be 
th e  number o f  p o t e n t i a l  o c c lu s iv e  l e s io n s ,  ehoul.d th e  
p a r a s i t e s  be a f f e c te d  by any o f  th o s e  d is a b l in g  f a c t o r s .

P A R T  I V
Immmiitv to  Haemonchua c o n to r tu s  i n  sh eep *
I n t r o d u c t io n ,
A f te r  a  method o f  v a c c in a t in g  a g a in s t  D. v iv lp a i i i s  
had been d ev e lo p ed , i t  was a  n a tu r a l  e x te n s io n  of t h i s  
work to  i n v e s t ig a te  th e  p o s s i b i l i t y  o f  ap p ly in g  th e  same 
g e n e ra l  p r in c ip l e s  to gastro-intestinal p a r a s i te s *
I t  i s  a  re a s o n a b le  s u p p o s i t io n  th a t  th e  i r r a d i a t i o n  
method o f  a r t i f i c i a l l y  in d u c in g  a c t iv e  iîam ùnity i n  helminth 
d is e a s e  might be s u c c e s s fu l  where there i s  sy s tem ic  m ig ra tio n  
by th e  parasite; the immature la rv a e  t r a v e r s e  a  p o t e n t i a l  
humero-oellular immunological barrier, d u r in g  which i t  i s  
p o s s ib le  f o r  them to  initiate an immune re sp o n se .
However, where th e  p a r a s i t e  undergoes o n ly  l im i te d  migration, 
as  in many g a s t r o - i n t e e t i n a l  i n f e s t a t i o n s  in which tissue 
p e n e t r a t io n  is m in im al, th e  opportunity f o r  s t im u la t in g  an 
ad eq u ate  imniune re sp o n se  would seem to  be much red u ce d . I t  was, 
th e r e f o r e ,  a n t ic ip a te d  t h a t  th e  p re s e n t method o f  immunising 
m ight p rove to .toe  less e f f e c t iv e  a g a in s t  gastro-intestinal 
p a r a s i t e s . .
A ttem pts by o th e r  w orkers to  immunise sheep a g a in s t  
H. oontortus have had v a r ia b le  results. S te w a rt, ( i9 6 0 ) ,  using 
g rad ed , spaced doses o f  norm al in f e c t iv e  la rv a e  a s  a  means o f  
a c t iv e  immunisation, r e p o r te d  some ev idence o f  a c q u ire d  r e s i s t a n c e ,  
tout i t  did n o t o ccu r r e g tü ,a r ly . U sing a  s im i la r  immunising p ro ­
c e d u re , h lsen k o  (1956) also r e p o r te d  ev id en ce  o f  r e s i s t a n c e .
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S t o l l  (1958) produced  a  h ig li d eg ree  o f  r e s i s t a n c e  to  
r e in f e c t io n  i n  n in e  o u t o f  te n  sheep , by intraperitoneal and 
su b cu tan eo u s i n j e c t i o n  o f  l a r g e  mmibers o f  l i v i n g  ex sh ea th ed  
th i r d - s t a g e  l a r v a e .  The sheep were n in e  months o ld  a t  th e  
b e g in n in g  o f  h i s  ex p e rim en t, which i s  suimiiarised below s-
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The experiments which follow were carried out on H.oontortus,
a p a r a s i t e  w ith  a  m inim al m ig ra t io n  cycle, to  investigate four 
main f a c t o r s : -
le  Whether th e  p a r a s i t e ,  i h  i t s  larval form, co u ld  
be p a r t i a l l y  in a c t iv a te d  by X - i r r a d ia t io n ,
2. W hether i t  co u ld  th e n  s t im u la te  enough imm unity 
i n  sheep to  enable them to  w ith s ta n d  la r g e  
c h a lle n g e  d o ses  o f  normal i n f e c t iv e  la rv a e*
3 . W hether th e  r a t e  o f  i r r a d i a t i o n  would in f lu e n c e  
th e . immunising p r o p e r t ie s  o f  th e  v ac c in e  lai'vae.
4 . The l e v e l  to  which th e  numbers o f  la rv a e  i n  each 
v a c c in e  dose co u ld  be red u ced  w ith o u t a f f e c t i n g  
a  B e rv iea b le  l e v e l  o f  immunity,
(Experiments 12 and 13 have been reported i n  two publications,
r e s p e c t iv e ly ,  J a r r e t t , J e n n in g s , Mclntyx’e , M ulligan  and Sharp 1959, 
and J a r r e t t ,  J e im in g s , M cIn ty re , M ulligan  and Sharp 1961. )
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E xperim ent 1 2 . V a c c in a tio n  o f  sheep  u s in g  a  s in a le  dose o f
X - i r r a d ia te d  la r v a e  o f  Haemonchus e o n to r tu s .
M a te r ia ls  and M ethods.If  » * w * lPfcTitc a i>9 iii|iJ'„,,ji *  *U.' il
F i f t y  ’new b o rn ’ lam bs were bought and, i n i t i a l l y ,  were 
r a i s e d  i n  g roups o f  th r e e  o r  fo u r  and fed  i n  m e ta l i s o l a t i o n  
u n i t s  on an a r t i f i c i a l  m ilk  d i e t .  (O s te rm ilk ’produced  by M essrs.
Glaxo L a b o ra to r ie s  L td * , N reen fo rd , M id d le se x .)  They were l a t e r  
t r a n s f e r r e d  to  c o n c re te  pens which were c lean e d  d a i ly .  T h e ir  
fa e c e s  were examined s e v e r a l  tim e s  i n  th e  p re -e x p e r im e n ta l  period 
to  co n firm  t h a t  th e y  were p a r a s i t e - f r e e .  The lam bs were seven 
months o ld  when th e  exp erim en t was s ta r te d *
A p u re  s t r a i n  o f  H* e o n to r tu s  was o b ta in e d  (k in d ly  supplied 
by Drs* Dunn and S ilv erm an  o f  th e  Mo r e  dun R esearch  I n s t i t u t e ,  
G ilm erton* 3M inbufgh) and was p assag ed  th ro u g h  th r e e  lam bs to  g a in  
a  s u f f i c i e n t  number o f  i n f e c t iv e  la r v a e  to  c a r ry  o u t th e  ex p e rim en t. 
L arvae were c u l tu r e d  by p u t t in g  250 gm of f a e c a l  p e l l e t s  in  500 m l. 
c lo se d  g la s s  j a r s ,  s to r in g  a t  22^0 f o r  14 d ay s , th e n  th e y  were 
h a rv e s te d  by f i l l i n g  th e  j a r s  w ith  w a te r  and in v e r t i n g  them each 
o v e r a  p e t r i  d ish*  The p e t r i  d is h  was h a l f ^ f i l l e d  w ith  w a te r , and 
th e  la r v a e  were c o l l e c te d  an hour l a t e r  a s  th e y  co n g reg a te d  i n  th e  
d is h .  F a e c a l egg numbers were e s tim a te d  by th e  McMaeter method*
T o ta l worm bu rd en s were co u n ted  by w ashing o u t th e  abom aaal c o n te n ts ,  
a d ju s t in g  th e  t o t a l  volume to  2 ,000  ml* w ith  ta p  w a te r ,  th e n  s t i r r i n g  
th o ro u g h ly  and c o u n tin g  th e  number o f  worms i n  th r e e  a l iq u o t s  o f  
50 m l. ea ch . The te c h n iq u e  o f  i r r a d i a t i o n  was s im i la r  to  t h a t  u sed  
f o r  D. v iv ip a r u a .
Expe r im e n ta l  P ro c ed u re .
The 50 lam bs were a l l o t t e d  to  e ig h t  groups m m bered 1 to  8 .
There were seven  lam bs in  each o f  g roups 1 to  5 and f iv e  lambs 
each  in  g roups 6 to  8 . On day 0 , an im als i n  g roups 1 to  5 were 
g iv en  10 ,000  in f e c t i v e  la rv a e  i r r a d i a t e d  r e s p e c t iv e ly  w ith  1 0 ,0 0 0 , 
2 0 ,0 0 0 , 4 0 ,0 0 0 , 60 ,000  and 100,000  ro e n tg e n s . These l e v e l s
were a r b i t r a r i l l y  s e le c te d  on th e  b a s is  o f  r e s u l t s  ach iev ed  w ith  
la rv ae , o f  D. v iv ip a r u s . Two lam bs from  each o f  th e s e  five groups«-r-nÉiMI, ^r. ,#m I »!■ iHft ^ i>M m wi. >i <,# ' **
were k i l l e d  on day 37 to  d e te rm in e  th e  deg ree  o f  r in a c t iv a t io i i ' v . 
o f  la r v a e .  T h is  tim e was chosen  a s  r e p r e s e n t in g  norm al f u l l  p a ten cy  
o f  in f e c t io n ;  it was a s s e s s e d  by a  f l a t t e n i n g  i n  th e  egg o u tp u t 
cu rve  o f  th e  f iv e  c o n t ro l  lam bs. The rem ain in g  f i v e  lam bs in  each 
group were c h a lle n g e d  on day 117 w ith  8 ,0 0 0  norm al i n f e c t iv e  la rv a e  
and were k i l l e d  on day 163.
The tim e o f  117 days was u sed  a s  th e  c h a lle n g e  p o in t  a s  t h i s  
was th e  tim e ta k e n  by th e  two g roups v a c c in a te d  w ith  la rv a e  i r r a d i a t e d  
a t  th e  two lo w er l e v e l s ,  10,000 and 20,000 ro e n tg e n s , to  eliminate 
th e  bu lk  o f  th e  i n f e c t i o n  r e s u l t i n g  from  t h e i r  ’vaccine*  d o se . T h is 
judgem ent was based  on t h e i r  egg co u n ts  becoming McMaster n e g a t iv e .
Each lamb o f  group 7 was g iv e n  10 ,000  norm al l a r v a e  on day 0 ,
8 .000  norm al la r v a e  on day 117 and was k i l l e d  on day 163* The i n t e r v a l  
o f  ap p ro x im a te ly  seven  weeks betw een C hallenge and K i l l  was chosen
a s  b e in g  a  re a s o n a b le  p e r io d  f o r  th e  c h a lle n g e  I n f e c t io n  to  re a c h  
f u l l  p a te n c y , w ith  m inim al e x te n s io n  in to  th e  tim e when such an 
i n f e c t io n  m ight n a tu ra 3 ,ly  b eg in  to  be shed ,
Croup 8 was th e  c h a lle n g e  c o n t ro l  group ; each lamb re c e iv e d
8 .000  normai. la rv a e  on day 117 and was k i l l e d  on day 163,
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The d e s ig n  o f  th e  experim en t i s  aummaxâsed i n  T ab le  1 . 
R e s u l ts .
CountB o f  f a e c a l  egg o u tp u tsw ere  made a t  ap p ro x im a te ly  
weekly i n t e r v a l s  b e g in n in g  on day 18 ; th e s e  r e 8 \0 .ts ,  to g e th e r  
w ith  th e  post-m ortem  abom asal worm b u rd en s , a r e  shown in  T ab les 
2 to  9 . The f i n a l  results of the experim en t a re  summarised in  
T ab le  1 0 .
The lam bs d id  n o t show c l i n i c a l  s ig n s  o f  the d is e a s e  a t  
any tim e d u r in g  th e  ex p e rim en t.
D isc u s s io n .
, . In  a s s e s s in g  th e  v a lu e  o f  t h i s  method o f  m aking a  vaccine, 
th e  f i r s t  p o in t  to  be d ec id ed  i s  w hether th e  p a r t i c u l a r  p a r a s i t e  
can  be p a r t i a l l y  in a c t iv a te d  and , i f  so , what is th e  l im i t i n g  
ran g e  o f  r a d i a t i o n  dosage to  be a p p l ie d  to  i t .  Hence tvTO an im a ls , 
from  each o f  th e  f i v e  v a c c in e  g ro u p s , were k i l l e d  when f a e c a l  
co u n ts  o f  th e  c o n t r o l  lam bs (g roup  6) showed t h a t  th e  norm al 
i n f e c t io n s  had reach ed  f u l l  p a te n c y , a s  shown i n  T able 2 . Lambs 
i n  g roups lA  and 2A m a n ife s te d  no s ig n i f ic a a i t  r e d u c t io n  i n  * ta lie ’ 
o v e r  th e  c o n t ro l  anim eils, i n d ic a t in g  th a t  t h e i r  la rv a e  had n o t been 
s u f f i c i e n t l y  i r r a d i a t e d .
The p a i r s  o f  lam bs fo rm ing  g roups 3A, 4A and 5A d id  have a 
m arkedly low er worm b u rd en , which su g g ested  t h a t  t h e i r  r a d ia t io n  
dosages p ro b ab ly  in c lu d e d  th e  o p tim a l i n a c t i v a t io n  l e v e l .  Thus
H. e o n to r tu s  was shown to  be cap ab le  o f  s e rv ie a b le  i n a c t i v a t io n  
by X - i r r a d ia t io n ,  a t  l e v e l s  o f  40 ,000  ro e n tg e n s  and upw ards.
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The second p o in t  o f  in fo rm a tio n  e s s e n t i a l  f o r  a ssessm en t 
o f  th e  v a c c in e  i s  w hether th e  in a c t iv a te d  p a r a s i t e  can  c o n fe r  
im m unity. From T able 10 i t  i s  seen  t h a t ,  compared to  th e  group 8 
c h a lle n g e  c o n t r o l s ,  th e  imm unity was good a t  th e  f i r s t  fo u r  
ro e n tg e n  l e v e l s ;  90fo to  100?C' p r o te c t io n  b e in g  c o n fe r re d  a g a in s t  
th e  c h a lle n g e  u se d . The mean o f  200 worms a t  post-m ortem  o f  group 
3 r e s u l t e d  a lm ost e n t i r e l y  from  one lam b’s aboraasal burden  o f  972 
worms. The re a s o n  f o r  t h i s  anomaly i s  n o t knovm; th e  lamb i s  
re c o rd e d  a s  h av in g  been  c o r r e c t ly  v a c c in a te d  and n o t to  have 
shown d ia r rh o e a  a t  t h i s  tim e -  which m lglit p o s s ib ly  have I n te r f e r e d  
w ith  th e  e s ta b lis h m e n t o f  th e  irm m uiising f r a c t i o n  o f  th e  i r r a d i a t e d  
l a r v a e ,  P o o re r im m unity was shown by th e  100 ,000  ro e n tg e n  va.ccine 
group , whose mean worm p o p u la tio n  o f  442 was acco u n ted  f o r  by th r e e  
o f  i t s  f iv e  in d iv id u a l s .
In  Buimaary so f a r ,  la rv a e  i r r a d i a t e d  a t  10 ,000  and 20,000 
ro e n tg e n s  were l i t t l e  i n a c t i v a te d ,  b u t gave good im m unity; th o se  
a t  40 ,000  and 60 ,000  ro e n tg e n s  were a d e q u a te ly  in a c t iv a te d  and 
gave good inuaun lty , w h ile  la rv a e  a t  100,000 ro e n tg e n s  were w e l l -  
in a c t iv a te d  (p ro b ab ly  o v e r - in a c t iv a te d )  b u t gave p o o re r  im m unity.
Group 7 , w hich re c e iv e d  1 0 ,000  n o n - i r r a d ia te d  la rv a e  a s  i t s  
*v a c c in a t in g ’ d o se , showed some p r o te c t io n  -  a  mean worm burden  o f  
620 compared to  th e  c o n t ro l  mean o f  2042 -  b u t i t  was l e s s  th a n  
th e  p r o te c t io n  c o n fe r re d  by th e  same number o f  i r r a d i a t e d  la rv a e  
oil g roups IB to  4B. T h is  p o s s ib ly  eniianced iimaunogenic e f f e c t  o f  
a  g iv en  number o f  i r r a d i a t e d  la r v a e  comiiared to  a  s im i la r  q u a n t i ty  
o f  norm al la rv a e  h as  been  o b se rv ed  i n  U ncinaria . s te n o c e p h a la  and
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ilncyXostomum caninimi (q u o ted  i n  rev iew  by ü rq u l ia r t ,  M cIn ty re , 
M u llig an , J a r r e t t  and Sharp 1965)#
P u re ly  spëo u la t I v e ly , th e  re a s o n s  f o r  t h i s  a p p a re n t 
phenomenon m ight be t h a t  th e  i r r a d i a t e d  la rv a e  a r e  r e ta r d e d  i n  
t h e i r  developm ent and so spend lo n g e r  e i t h e r  w i th in  o r  i n  
in t im a te  c o n ta c t  w ith  th e  m ucosa, th u s  p o s s ib ly  in c r e a s in g  
th e  chances o f  immunogenic c o n ta c t  w ith  th e  h o s ti"
Such c o n ta c t  m igh t be tw o fo ld :
(a ) a  p ro p o r t io n  o f  th e  a t te n u a te d  la rv a .e  may d ie  i n  s i t u  
i n  th e  m ucosa.
(b ) o th e r s  may undergo  p ro lo n g ed  second o r  t h i r d  e c d y se s , 
a s  a  r e s u l t  o f  ixu’a d i a t i o n ,  and th e re b y  expose th e  h o s t  to  
th e  ’m oizltlng s e c r e t i o n s ’ f o r  lo n g e r  p e r io d s .  S ou lsby  (1959) 
and S oulsby  and B te w a rt, D,?+ (I9 6 0 ) have shoim  t h a t  th e  
s e c r e t io n s  o f  e c d y s is  a r e  im p o r ta n t a n t ig e n s  i n  th e  ’ s e l f - c u r e *  
phenomenon; th e y  may be im p o r ta n t i n  th e  g e n e ra l  c o n te x t  o f  
im m unity to  h e lm in th s , f o r  example S tew art T .B . (1958) b e l ie v e s  
t h a t  iimmmity o f  c a t t l e  to  Q ooneria  p u n c ta ta  i s  m a n ife s te d  by 
i n h i b i t i o n  o f  th e  ex -sh ea th m en t o f  th e  la r v a e .
As th e  aim  o f  th e  p r e s e n t  experim en t was e n t i r e l y  q u a n t i t a t i v e ,  
o n ly  a  few  p ie c e s  o f  abomasum co u ld  be r e ta in e d  f o r  h i s t o l o g i c a l  
exam ination*  However, some o f  th e  s e c t io n s  from  th e  p a i r s  o f  lam bs 
k i l l e d  a s  i n a c t i v a t i o n  c o n t r o ls  (i* e*  h av in g  re c e iv e d  o n ly  
i r r a d i a t e d  la r v a e )  showed dead la r v a e  ly in g  in  th e  m ucosa o f  th e  
abomasum, to g e th e r  w ith  th e  developm ent o f  l a r g e  lym phoid 
f o l l i c l e s .
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This m ight indicate th e  s i t e  o f  th e  limmme re sp o n c # , b u t t h i s  
q u e s t io n  needs a d e t a i l e d  p a th o lo g ic a l  approach lnvolv3.ng s e r i a l  
killing a f t e r  b o th  v a c c in a t io n  and e h a ile n g e  b e fo re  a v a l id  
answer can be essayed.
A f u r t h e r  p o in t  o f  i n t e r e s t  i n  t h i s  ex p erim en t i s  th e  
in d ic a t io n  that th e  m inim al p e n e t r a t io n  by th e  l a r v a l  s ta g e s  
i s  s u f f i c i e n t  to  s t im u la te  an  a p p re c ia b le  immune re sp o n se  and 
t h a t  th e  p re se n c e  o f  a d u l t s  may n o t be n e c e s s a ry  to  p roduce  
r e s i s t a n c e .
From earlier work on T* s p i r a l i s  (G ould. Gomber^. B o th e l l ,  
? i l l e X l a  and H e r tz , 1955)» Soulsby  (1957) su g g e s ted  t h a t  a d u l t  
i n f e c t io n s  m ight be n e c e s s a ry  to  in d u ce  ro f ra c t# # im e s s  to  
r e in f e c t io n  w ith  g a e t r o - i n t e s t i n a l  nem atodes. T h is  doOa n o t 
appear to  bo th e  c a se  w ith  ÏÏ. s te n o c e p h a la  ( Dow. J a r r e t t ,  Je n n in g s  
M cIn tyre and M u llig an ) # and the result o f  th e  p r e s e n t  experiment 
in d ic a t e s  t h a t  H. o o n to r tu s . a  p u re ly  a l im e n ta ry  worm, m igh t a ls o  
f a l l  to  conform  to  t h i s  theory. S im ila r ly ,  the ex p e rim en ts  o f  
Thor son (1951) on If. m u ris  la r v a e  and Campbell (1954) on T. s n i r a l i e  
l a r v a e  in d ic a t e  t h a t  l a r v a l  s ta g e s  a re  c a p ab le  o f  s t im u la t in g  
p r o te c t iv e  r e s p o n s e s .
The conclusions drawn from this experim en t were l im i te d  
b u t  en co u rag in g  and may be sum m arised a s  fo llo w s :
1 . It was p o s s ib le  to  p a r t i a l l y  i n a c t i v a t e  third-stage i n f e c t iv e  
H. e o n to r tu s  la r v a e  by X - ir r a d i ia t io n ,•     V
2* W ith in  th e  co n fin e d  ex p e rim e n ta l system  u se d  ( r e l a t i v e l y  sm a ll 
numbers o f  lambs; l a r v a e  g iv e n  a s  a  single d o se ; s u b c l in l c a l  l e v e l s  
o f  c h a lle n g e  i n f e c t io n ;  r e l a t i v e l y  s h o r t  i n t e r v a l  betw een
1 5 8 .
v a c c in a t io n  and c h a lle n g e )  Z - i r r a d ia t e d  I t irv a e , p a r t i c u l a r l y  i n  
th e  ran g e  40»000 to  60 ,000  ro e n tg e n s , co u ld  s t i m i l a t e  marked 
r e s i s t a n c e  to  r e - ln f o o t io n .
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fABLS 1 # The R oentgen and l a r v a l  l e v e l s  Üsed i n  iM u n ls in g  Doses 
and th e  Times o f  A d m in is te rin g  la rv a e  and R i l l i n g  la iab s.
R oentgen Enmber Day 0 Day 117
Group ' o f  (Enmber o f  Day 37 (Eumbor o f
dosage lam bs, i r r a d i a t e d  norm al
l a r v a e ) .  l a r v a e ) .
Day 163
1 (A) 
(D)
10 ,000
10,000
1 0 ,0 0 0
10 ,000
K ille d*8& a* WS4 * «rt*8,000 Mlled
20,000
20,000
10 ,000
10 ,000
Killed
(A) 40,000
(B) 40,000
1 0 ,000
10 ,000
Killed
8 ,0 0 0
(A) 60,000
(B) 60,000
10 ,000
1 0 ,000 8 ,0 0 0 Killed
(A) 100,000
(B) 100,000
10,000
10 ,000
Killed
8 ,0 0 0
10,000
8 ,0 0 01 0 ,000 Killed
8 ,0 0 0 Killed
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2 . B a r a s i to lo g ic a l  f in d in g s  i n  lam bs K il le d
on Day 57.
Q-roup
Eggs
o f
p e r  grara 
f a e c e s ‘ Worn coun t a t  n ec ro p sy
Day 18 Day 5$ Imm ature M ature Group means
1 (A) 5 #100 4M,f i—minMwiWCTi 1 ,9 0 0
1 ,1 0 0 3 ,7 0 0  2 ,800
2 (A) 1 ,4 0 0 1 ,8 5 0
+ 1 ,5 0 0 1 ,5 0 0  1 ,6 7 5
3 (A) 4* 0 300 . 0
0 0 200 0 250
4 (A) 0 50 400 0
0 50 100 0 250
5 (A) 4 - 50 100 0
0 0 0 0 50
6 1 ,100 0 1 ,1 0 0
“I' 5 ,5 0 0 Q 2,700
2 , 0 0 0 0 1 ,6 0 0  1 ,900
+ 1 ,8 5 0 0 2 ,400
4- 2,050 0 1 ,7 0 0
P o s i t iv e  on n o n q u a n t i ta t iv e îsinc s u lp h a te
f l o t a t i o n  on],y.
1 6 1 .
Q?ABLB 5 . P a r a s i t o lo g i c a l  f in d in g s  i n  lam bs i n  Group 1 (B),
(V acc in a ted  with, la rv a e  r e c e iv in g  10 ,000  ro e n tg e n s ) .
Bggs p e r  
gram o f  
f a e c e s  on
l a m b n u m b  e T
clays 1 2 3 4 5 Mean
18 0 t 4' 0
34 300 4,400 2,500 2,000 2 ,450 2 ,200
40 1,350 700 1,200 3,000 2,100 1 ,6 7 0
48 2,050 1 ,0 0 0 4 ,300 1 ,6 5 0 0 1 ,8 0 0
54 2 ,450 500 5,800 1 ,0 0 0 50 1 ,9 6 0
61 1 ,8 5 0 500 3,050 1 ,2 0 0 0 1 ,2 8 0
68 1 ,6 0 0 0 7 ,000 0 0 1,720
76 800 n*o. 2,000 200 0 750
83 500 100 2,100 50 0 550
90 0 0 3 .100 0 40 630
96 0 0 3,350 50 0 660
103 0 0 2,000 0 0 400
110 0 0 1,500 0 0 300
117% 0 0 100 , 0 0 20
144 20 0 0 0 0 4
146 0 0 40 0 0 8
158 ___ 0 300 0 ___ ___0_ 60
BuiBbor o f  
worms a t  
post-m ortem  0 0 20 0 7 5
■Ï*' P o in t o f  c h a lle n g e ^ P o s i t iv e  on n o n q u a u t i ta t lT e  s in e  s u lp h a te
f l o t a t i o n  o n ly .
Bo sam ple o b ta in e d .
1 6 2 ,
fABLB 4 . P a r a s i t o lo g ic a l  f in d in g s  i n  lam bs o f  Group 2 (B) .
(V acc in a ted  w ith  larvae r e c e iv in g  20,000 ro e n tg e n s ) ,
Igge  p e r  
gram o f  
fa e c e s  on 
day;
1 a m b  n  u m b e r
1 2 3 4 5 œ m
18 4* 0 0 4 “
34 1.850 1,100 2,050 100 2,150 1,500
40 2,900 2,850 1.150 1,300 2,400 2,120
48 1 ,4 0 0 2 ,100 450 2,500 2,100 1,710
54 2,650 1,700 500 800 100 1,150
61 2,700 1 ,1 0 0 350 2,600 0 1,350
68 2,550 750 50 3,000 0 1,270
76 1 ,1 0 0 800 0 1 ,9 0 0 0 760
83 800 800 50 600 0 580
90 0 2 ,000 50 0 0 530
96 50 0 0 0 0 10
103 0 0 0 0 0 0
110 0 0 0 0 0 0
117% 0 0 0 0 0 0
144 0 0 0 0 0 0
146 0 0 0 0 0 0
158 0 0 0 0 50 10w!* mu
Bimber o f
worms a t  
post-m ortem  0 0 0 0 0
* «Mlr m aiH « M 0» 
0
^ P o in t o f  c h a lle n g e  
o P o s i t iv e  on n o n q u a n t i ta t iv e  isine s u lp h a te
f l o t a t i o n  o n ly .
1 6 3 .
TABLB 5. Paraaitologlcal Ifindings in Lambs of Group 3 (B).
(Vaooinated with larvae recelvliig 40.000 roentgens).
Eggs per
gram of 
faeces on
l a m b n u m b e r
days 1 2 3 4 5
0 0 0 0 —
34 150 , 100 0 150 0 60
40 50 50 150 /iO 150 80
48 0 0 100 150 n.8.** 50
54 50 0 0 50 50 30
61 0 0 40 100 0 30
68 20 20 0 0 0 8
76 50 n.8,#* 0 0 0 10
83 20 0 0 0 0 5
90 0 0 n.Sé’*'* n.8.*^ n,8.** 0
96 0 0 ■ 0 0 0 0
105 0 0 0 0 0 0
110 0 ■ 0 20 0 0 4
117* 0 0 0 0 0 0
144 0 0 0 0 0 0
146 0 0 0 0 20 4
158 100 0 50 0 0 50
Humber of 
worms at 
post-aiortom 972
Mu U l l im  «lit IIAilVlHih#MI PI IIH1 lil^illj lH I 
0 0 0
m t-m m  j ,|i i" i. <ii, W i »i> Ull! ■HU. ii ill HHiü 
40 200
* P o in t o f  challenge. ^ P o s i t iv e  on n o n q iia n t i ta t iv e  slno sulphate
f l o t a t i o n  o n ly . Mo sample o b ta in e d .
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1*A13M 6 . P a r a s i t o lo g ic a l  B in d in g s i n  lam bs o f  Group 4 (B)
(V acc in a ted  w ith  la rv a e  r e c e iv in g  60,000 ro e n tg e n s ) .
% g s  p e r  
gram o f
faeces on 
day*
1 a  m b n u m b e r
1 2 3 4 5
18 ^0 0 0 0
34 50 0 Ü 0 0 10
40 0 Ü 0 0 100 20
.48 0 0 0 0 0 0
54 0 0 0 0 0 0
61 0 0 0 100 0 20
68 0 0 0 20 0 4
76 0 0 0 0 0 0
83 0 0 0 0 0 0
90 n. £ n.B * ** n.B. n.B. ■** n.8.' *
96 50 20 20 0 0 18
' 103 .20 0 0 0 0 4
110 0 0 Ô 0 0 0
117* 0 0 0 0 0 0
144 0 0 0 0 0 0,
146 0 0 0 0 0 0
158 0 50 0 0 0 10
lumber o f  
worms a t  
post-m ortem  0
rw* <1* «tu w# .P ***  4s*f 1 
0 0 0
tfU •* , **t #@* 
0
ISÎ# etii
0
*,Point of challenge. P o s i t iv e  on n o n q u a n t i ta t iv e  sine su lp h a te
f l o t a t i o n  o n ly . lo  sam ple o b ta in e d .
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lABLIS 7 . P a r a s i t o lo g ic a l  .F indings i n  lam bs o f  Grouj:) 5 (B)
(V acc in a ted  w ith  la rv a e  r e c e iv in g  100 ,000  ro e n tg e n s)»
Bggs p e r  
gram o f  
f a e c e s  on
l a m b n u  m b e r
day; 1 .■ ■ . ....... .................... ... , 3 , 4 5 MEJ
18 0 0 0 —
34 50 0 0 0 0 10
40 0 0 0 0 0 0
48 0 0 Ü 0 0 0
54 0 0 0 0 50 10
61 0 0 0 0 0 0
68 0  ^ 0 0 20 0 4
76 0 0 0 0. 0 0
83 0 0 0 0 0 0
90 n .s .# * n . s . n .B .# * n . s ,  #■•' n . s . -
96 0 0 0 20 0 4
103 0 0 0 0 0 0
110 0 0 0 0 0 0
117* 0 0 0 0 0 0
144 0 0 0 0 0 0
146 100 50 0 0 0 30
158 10 ,000 2 ,800 50 0 100 2,590
Number o f  
worms a t  
p ost-m ortem
1 ,5 4 0 397 270 0 0 442
O# P o in t o f  c h a l le n g e . "  P o s i t iv e  on n o n q u a n t i ta t iv e  s in e  
s u lp h a te  f l o t a t i o n  o n ly . "X* Mo smiaple o b ta in e d .
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fABIE 8 . X-’a r a s i t o l o g l o a l  F in d in g s  i n  lam bs o f  Group 7 ,
(V a cc in a ted  w ith  norm al l a r v a e ) .
grata o f  f a e c e s  
on day:
l a m b IX 11 m h e r
1 2 5 __m
18 0 0 0 -
34 1,000 1 ,000 5,850 900 2,450 1 ,840
40 3 0 0 2,100 2,500 1 ,7 0 0 4 ,2 0 0 2,160
46 150 450 700 1 ,0 0 0 250 510
54 600 800 2,050 4 ,200 6 ,450 2 ,820
61 150 1 ,5 5 0 850 5,750 7,600 2,780
68 900 300 150 4 ,2 0 0 4 ,200 1 ,950
76 0 0 100 2,000 1 ,8 0 0 780
83 0 0 550 900 500 510
90 0 ' 0 550 ' ' 0 6o ‘ 82
96 0 40 0 0 150 40
103 0 0 0 0 • 20 4
110 0 0 0 0 0 0
117# 0 0 0 0 0 0
144 0 0 0 0 0 0
146 0 20 0 0 0 4
158 0 4 ,000 600 n,s.#% 0 1 ,150
Hiimber of 
worms at 0 
post-mortem
1,450 1,500 150 0 620
#Point of challenge. P^ositive on nonquantitative zinc 
sulphate flotation only. ## Ho sample obtained.
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fABLE 9 P a r a s i t o lo g i c a l  F in d in g s  i n  lam bs o f  Group 8 .
(C o n tro ls  -  no la rv a e  p r i o r  to  c h a l le n g e ) .
Lamb
Humber
C h a lle n g e . 
Day
Bgga p e r  gram 
o f  f a e c e s  on day; Humber o f  tforms a t
117 144 146 158 post-moz*
1 8 ,0 0 0 norm al la r v a e 0 0 2 ,3 5 0 1 ,550
2 8 ,000 norm al lax 'vae 0 0 8 ,8 5 0 2 ,390
3 8 ,000 norm al la r v a e 0 0 4 ,400 430
4 8 ,0 0 0 norm al la rv a e 0 0 1 ,8 5 0 4 ,240
5 8 ,0 0 0 norm al la rv a e 0 0 2 ,250 1 ,6 0 0
Mean 0 0 3 ,9 4 0 2 ,042
w omm # # #  W.» n n I—i f ii
TABLE 1 0 . Summaxy o f  R e s u l ts  o f  C h a llen g e  I n f e c t io n ,
Group R oentgen
Dose
Mean Humber o f  
worms from  c h a lle n g e .
1(B) 10 ,000 5
2(B) 20 ,000 0
5(B) 40 ,000 200
4(B) 60 ,000 0
5(B) 100 ,000 442
1 Normal la r v a e 620
8 C o n tro l 2 ,042
1 6 8 .
E xperim ent 1 3 . V a c c in a tio n  o f  sheep  u s in g  two d o se s  o f
Z - i r r a d ia t e d  la rv a e  o f  H* e o n to r tu s .
A lthough th e r e  i s  r e l a t i v e l y  l i t t l e  in fo rm a tio n  on th e  
q u a n t i t a t i v e  a s p e c ts  o f  th e  immune re sp o n se  to  p a r a s i t e s ,  i t  
i s  Known ( J a r r e t t ,  J e n n in g s , M cIn ty re , M u llig an , Thomas and 
Ux’q u iia rt 1 9 5 9 ) t h a t  a  t y p i c a l  an a sm e stic  re sp o n se  o c c u rs  a f t e r  
r e i n f e c t i o n  o f  c a lv e s  w ith  D. v iv in a r u s . The much b e t t e r  p r o te c t io n  
c o n fe r re d  by tw o, r a t h e r  th a n  one , doses o f  i r r a d i a t e d  D .v iv ip a ru s  
v a c c in e  was shown i n  experim en t 5 *
Since f i e l d  i n f e c t io n  o f  lam bs can be much h ig h e r  th a n  
th e  c h a lle n g e  o f  8 ,0 0 0  la rv a e  o f  th e  p re v io u s  ex p e rim en t, i t  was 
d ec id ed  to  ap p ly  th e  doub le  d o se  method and to  s u b je c t  th e  lambs 
to  much h ig lie r  c h a lle n g e  l e v e l s .
M a te r ia ls  and M ethods.
Twenty-two ’newborn* lam bs were bought and r e a r e d  w orm -free.
The method o f  fe e d in g  and th e  p a r a s i to lo g i c a l  and i r r a d i a t i o n  
te c h n iq u e s  were a s  d e s c r ib e d  i n  experim en t 1 2 . The lam bs were 
e ig h t  m onths o ld  a t  th e  s t a r t  o f  th e  ex p e rim en t.
E x p erim en ta l P ro c e d u re .
The laxiibs were a l l o t t e d  to  f o u r  g roups numbered X to  4.
There were f iv e  lam bs each  i n  ^groups 1 and 2, and s ix  lam bs each
i n  groupe 3 and 4* On day 0 th e  an im als  in  g roups 1 and 2 were
g iv e n  o r a l l y  1 0 ,0 0 0  t h i r d - s t a g e  la r v a e  which had been i r r a d i a t e d
th e  same day w ith  40 ,000  ro e n tg e n s . On 3 5  ^ t h i s  was r e p e a te d .
On day 64 , th e  im m unity o f  th e  lam bs o f  g roups 1 and 3 was
c h a lle n g e d  w ith  1 0 ,0 0 0  norm al i n f e c t iv e  la rv a e  and t h a t  o f  th e  lam bs,
i n  g roups 2 and 4  w ith  50,000 norm al la r v a e .
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iU,l o f  th e  an im als  were k i l l e d  on day 114, when abom aaal worm 
oo tm ts were made. F a e c a l egg co u n ts  by th e  M cHaster method 
were c a r r i e d  o u t a t  ap p ro x im a te ly  weekly i n t e r v a l s  th ro u g h o u t 
th e  ex p e rim en t. The d e s ig n  o f  th e  experim en t i s  sum m arised in  
T able I .  ,
R e s u l t s .
The f a e c a l  egg  o u tp u t and abom asal worm b u rdens o f  th e  
lam bs a re  shown i n  T ab les  2 to  5 . The group mean egg co u n ts  
o f  th e  c o n t r o ls  fo llo w e d  th e  ex p ec ted  p a t te r n s  th e  lam bs 
c h a lle n g e d  w ith  1 0 ,000  la rv a e  reach ed  a  mean peak o f  3 ,225  eggs 
p e r  gram 28 days (day  92) a f t e r  c h a lle n g e ; th o se  g iv e n  50,000 
la rv a e  reach ed  10 ,975  eggs p e r  gram on th e  same day; th e  
c o rre sp o n d in g  mean co u n ts  o f  th e  v a c c in a te s  were 0 and 20, 
r e s p e c t iv e ly .  The abom asal worm b u rdens p a r a l l e l e d  th e s e  
r e s u l t s .  The lo w er chalX enge-dose v a c c in a te s  (g roup  1 ) had a  
mean o f  26 worms compared w ith  1 ,9 4 2  in  th e  c o rre sp o n d in g  
c o n t ro ls  (g roup  3 ) I th e  f ig u r e s  f o r  th e  50 ,000 group were a  mean 
o f  6 worms i n  th e  v a c c in a te s  a s  a g a in s t  2 ,455  i n  th e  c o n t r o ls .  
These r e s u l t s  a r e  sum m arised i n  T able 6 .
D isc u s s io n .
The r e s u l t s  in d ic a te d  t h a t , by g iv in g  tvro d o ses  o f  v a c c in e , 
a  c o n s id e ra b le  d eg ree  o f  r e s i s t a n c e  to  s in g le  h ig h  and low 
c h a lle n g e  d o ses was o b ta in e d . The c h a lle n g e  was d iv id e d  in to  
a  h ig h  and a  low  component because  we d id  n o t w ish  to  overwhelm 
th e  im m unity o f  a l l  th e  lam bs by u s in g  o n ly  th e  h ig h e r  d o se ; th e  
low er dose p ro v id ed  app rox im ate  c h a lle n g e  c o n t in u i ty  w ith  th e  
p re v io u s  ex p erim en t and p ro v id ed  a  more s e n s i t i v e  t e s t  o f  immunity-
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However, 50,000 la rv a e  a s  a  s in g le  dose was p o s s ib ly  to o  h ig h  
from  a  d i f f e r e n t  v iew po in t*  The c o n t ro l  mean o f  2 ,455 worms 
r e s u l t i n g  from 50 ,000 la rv a e  compared to  1 ,9 4 2  from 10 ,000  
seemed to  i n d ic a t e  e i t h e r  failure o f  e s ta b lis h m e n t, p r e p a te n t  
e l im in a t io n  o r  Inhibition o f  developm ent o f  95# o f  th e  h ig h e r  
do se . Immature form s were sea rch ed  for b u t only o c c a s io n a l ly  
found i n  the high challenge c o n t ro l  g roup , which in d ic a te d  
one o r  b o th  o f  th e  fo rm er possibilities.
The immunity produced would p ro b ab ly  be s u f f i c i e n t  to  
p r o te c t  lam bs a g a in s t  n a tu r a l  in f e c t io n s  b u t f a c t o r s  s t i l l  
to  be explored b e fo re  assessing th e  f i e l d  p o s s i b i l i t i e s  o f  (
such  a  v ac c in e  are
(a )  th e  d u ra t io n  o f  the immunity
(b) th e  e f f e c t  o f  s m a ll ,  spaced doses of IL oontortus. i . e . ,  o f  
a ’t r i c k l e  c h a l le n g e ’
(c )  th e  e f f e c t  o f  vaccinating younger lambs. Ours were 
p ro b ab ly  o ld e r  th a n  tfould be practical u nder farm  conditions.
How lo n g  the resistance would last i s  a t  present an  open 
question. Lisenko (1956) has c la im ed  that th e  immunity c o n fe r re d  
on sheep  by doses o f  u n a l te r e d  H. eontortus can be m a in ta in ed  
f o r  f o u r  y e a rs  by ’p e r io d ic  r e - in f e o t io n * .
The v a c c in e  i t s e l f  i s  easy  to maiie In  l a r g e  quantities and 
i t  a p p ea rs  to  have good k eep in g  qualities. T his latter judgement 
l a  b ased  s o le ly  on v i a b i l i t y  a s  a p p re c ia te d  by th e  ap p earan ce  and 
motility o f  s to re d  l a r v a e .  There is no information r e g a rd in g  
po tency  o f  such la rv a e  a s  immunising a g e n ts  compared to  r e c e n t ly  
prepared vaccine.
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I n  g e n e ra l  te rm s , X - i r r a d ia te d  H. e o n to r tu s  l a r v a e  show 90 
to  95# s u r v iv a l  a f t e r  th r e e  m on ths’ s to ra g e  a t  6^0 a t  a  
c o n c e n tr a t io n  o f  : jHOO/ral.in a l iq u o t s  o f  100 m l. o f  ta p  w a te r 
in  8 0 0 . ;  m ed ica l f l a t s .  Some such b o t t l e s  o f  s to r e d  la rv a e  
showed 70# v i a b i l i t y  a f t e r  n in e  m onths. However, th e s e  
lo n g e v ity  in d ic a t io n s  were i n c id e n ta l  o b s e rv a tio n s  and no 
s p e c i f i c  a t te m p t was made to  im prove o r  i n v e s t ig a te  t h i s  
a s p e c t .
TABLE 1 . E x p erim en ta l P la n . Double vaccination of Bheep 
with Irradiated Haemomohua contertue la rv a e *
C h allen g e  w ith  Normal L arvae .
Group of 
Lambs Day 0 Dey 35 Day 64 Day 114
10,00Q
i r r a d i a t e d
larvae
10 ,000
irradiated
la rv a e
10 ,000
norm al
la r v a e
Idlled
10 ,000
i r r a d i a t e d
larvae
10,000
i r r a d i a t e d
larvae
normal
l a r v a e
m i l e d
1 0 ,000
normal
la rv a e
Killed
50,000
normal.
la rv a e
m i l e d
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TAmB 2, P a r a s i t o lo g ic a l  F in d in g s  i n  Lambs o f  Group 1 , 
V acc in a ted  w ith  I  i r ra d ia te d  L arv ae . C h a lle n g e ;
10 ,000  norm al la rv a e  o f  Haemonchus c o n to r tu e .
Lamb
number 64'
Eggs p e r  gram o f  f a e c e s  on days
66 78 85 32 99 106 1 1 3
Humber o f  
worms a t  
post-m ortem .
1 0 0 0 0 0 0 0 0
2 50 0 0 0 0 0 0 24
■ 3 0 0 0 0 0 0 '0 27
4 0 0 0 0 0 0 0 12
5 0 0 0 0 0 100 50 ' 66
Mean 10 0 0 0 0 20 10 26
TABLÏi_3.
Lamb
number
6
9
10
Mean
# P o in t  o f  c h a lle n g e .
P a r a s i t o lo g i c a l  F in d in g s  i n  Lambs o f  Group 2, 
V acc in a ted  w ith  I r r a d i a t e d  L arv ae . Oha3.1enge:
50 ,000  norm al la rv a e  o f  Haemonchus e o n to r tu s .
'  iii‘i unr. « il  nil TiriiiTi' mi t  i iir iiw m raf v a^i rr»■■ ■■— -! ■ m ■*(1 iN.rwitaw »—
Eggs p e r  gram o f  fa e c e s  on day 
64# 66 78 85 92 99 106
0 0 
0 100
0
0
0
0
50
50
0
40
0
0
0
0
0
0
50
0
0
0
50
20
50
0
0
0
50
20
0
0
0
0
0
0
113
0 
0 
0 
0 
20 
4
Humber o f  
worms a t  
post-m ortem
14
11
0
0
4
6
P o in t  o f  c h a lle n g e .
î  “i -  •
ÜDABUS 4* Parasitological Finding# in nnvaooinated lamb# 
of Group 3» Challenge: 10,000 normal larvae of
Haemoîiçhùs eo iito rtu a^
lamb
number
64^ 66
11 0
12 0
13 0
14 0
15 0
16 0
Mean 0
%g8 per gram o f  fa e o e s  on dayf '
78 85 Sa 99 106 1 1 5
0 0 2450 1950 2550 1450
0 50 5400 1500, 2400 500
0 850 4550 6800 6900 7800
0 0 2200 2500 2600 2500
0 50 5550 5750 1600 550
0 0 1400 1650 1200 1000
0 158 5225 2958 2841 2267
l im b e r  o f  
vorm# at 
post-m ortem
827 
1775 
5880 
2680 
1546 
1145 
1942
P o in t o f  c h a lle n g e .
P a r a e i to lo g lo a l  F in d in g s  i n  ü n v ao o iîia ted  lam bs 
o f  Group 4 . Challenge ; 50,000 Hbrmal larvae o f  
îîaemonohUB eo n to rtu s#
lamb
number
64^ 66
17 0
18 0
19 0
20 0
21 0
22 0
Mean 0
Eggs per gram o f  f a e c e s  on day:
92 99 10678 85
0 0 7050 7250
0 600 25250 15500
,0 0 5550 5000
0 2900 12900 10550
0 200 9900 550
0 650 7200 4650
0 725 10975 6850
number
o f
113 worms
a t  p o s t-m o rte i
9750 12800 2740
6050 10600 4112
6650 550 1554
9150 2750 1367
200 350 630
7050 10350 4324
6475 6233 2455
P o in t o f  c h a lle n g e .
6 . The Peak Mean Faecal egg coimte per Gram
and the Group Mean AboitiasaX- Worm Counts
for lam bs Vaccinated w ith  I r r a d i a t e d  Haemonelius
-tM-a m iMc mit  -
co n to rtu B  larvae and later Given a  Challenge
Dose o f  lo rm a l la rv a e *
Group
Peak Mean 
egge p e r  gram
Mean Abomasal
worm eo im ta
( oonm 3
t r o i s )
( co n - 4
t r o i s )
40
3,225
10,975
6
1,842
2,455
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Vaccination of sheen against Haemonchusmxpmwi ( mui tfcim— pjHLiBfu «■ni. m f\iv  *
c o n to r tu s  u s img s in g le  doses o f  larvae sub- 
n eo ted  to  one o f  th r e e  reg im e s  o f  X - i r r a d i a t i o n *
T h is  and th e  next experiment were perform ed simultaneously 
on th e  same b a tc h  o f  lam bs, utilising larvae from common h a r v e s ts .  
However, th e  ex p e rim en ts  a re  d e s c r ib e d  s e p a r a te ly  f o r  convenience*
The p r e s e n t  ex p erim en t was d es ig n ed  to  in v e s t ig a te  three 
m ain fa c to r s *
(a )  I r r a d i a t i o n  rate* In  th e  p re v io u s  ex p e rim en ts  th e  
i r r a d i a t i o n  r a t e  had been constant between 180 to 190 roentgens 
p e r  minute. This r e l a t i v e l y  slow d e l iv e r y  o f  t e n s  o f  thousands
of ro e n tg e n s  was tim e-consum ing . However, a  more p o w erfu l m achine, 
the Siemens S ta b i l ip a n ,  became available, w ith  a  c a p a b i l i t y  o f  
d e l iv e r in g  X - i r r a d ia t io r i  in th e  o rd e r  o f  600 ro e n tg e n s  per m in u te , 
a t  th e  same k i lo v o l ta g e  and w ith  th e  same e x te r n a l  f i l t r a t i o n  
a© b e fo re  ( s e e  technical ap p e n d ix ) . The X -ray dose o f  40 ,000  , 
roentgens from the Siem ens was compared w ith  40 ,000  and 60,000 
ro e n tg e n s  from  the o r i g i n a l  â .B * I . GXIO m achine.
(b ) V accine p a th o g e n ic i ty .  As II* o o n to r tu s  is a  b lood ­
su c k in g  worm, i t  was n e c e s s a ry  b o th  to  I n v e s t ig a te  whether the 
worm p o p u la tio n  w hich d id  establish i t s e l f  from  th e  i r r a d i a t e d  
la rv a e  caused an a p p re c ia b le  d rop  in  the haem oglobin o f  v a c c in a te d  
a n im a ls , and to  c o r r e l a t e  this lo s e  w ith  th e  numbers of worms 
present*
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( g )  The e f f e c t  o f  a  h ig h  c h a lle n g e  (5 0 ,0 0 0  larvae) 
on lam bs v a c c in a te d  once w ith  10 ,000  i r r a d i a t e d  la rv a e *
This was to  complement th e  previous two ex p e rim en ts  which 
in c lu d e d  s in g le  v a c c in a t io n  w ith  low c h a lle n g e , and doub le 
v a c c in a t io n  w ith  h ig h  c h a lle n g e .
Materials and Methe d s .
F i f t y  lambs were bought and r e a re d  w orm -free a s  d e s c r ib e d  
in  experim en t 12 . They were n in e  months o ld  a t  th e  s t a r t  o f  
the experim ent*
The te c h n iq u e  o f  i r r a d i a t i o n  was s im i la r  to  t h a t  u sed  
f o r  3); vivinarus with th e  e x c e p tio n  o f  th e  la rv a e  i r r a d i a t e d  
by the Siemens u n i t ,  where th e  i r r a d i a t i o n  r a t e  was ap p ro x im a te ly  
three t im es  f a s t e r  a t  592 ro e n tg e n s  p e r  m inu te  com pared to lS 6 i
P a r a s i t o lo g ic a l  te c h n iq u e s  ware a s  d e s c r ib e d  in experim en t 
12 with th e  a d d i t io n  t h a t  sex  r a t i o  co u n ts  were made on worms 
from  th e  fo u r  g roups k i l l e d  on day 30;
Haemoglobin l e v e l s  were m easured w ith  a  colorimeter# u s in g  
a  number 3625 filter.
The lam bs were allotted to  ten groups numbered 1 to  1 0 , w ith  
five lam bs in  each  g roup . The a l lo c a t io n s  were based  on a  table . 
o f  random numbers.
# Evans B le c tro se le n iu m  L td . ,  S t .  Andrews Works, Essex, England,
178.
On day 0 th e  lam bs were t r e a t e d  a s  follows:- 
Those In  g roups 1 and 2 r e c e iv e d  10 ,000  la rv a e  which had 
been g iv e n  40 ,000  ro e n tg e n s  o f  X-lrradiation from  th e  0X10 
m achine à t  th e  u s u a l  ( 's lo w * )  r a t e  o f  186 p e r  m in u te . Those 
i n  g roups 3 and 4 re c e iv e d  10 ,000  la rv a e  g iv e n  40 ,000  ro e n tg e n s  
b u t a t  the f a s t e r  r a t e  o f  592 p e r  m in u te . The lambs i n  group 5 
and 6 re c e iv e d  la rv a e  i r r a d i a t e d  w ith  60,000 ro e n tg e n s  at th e  
s low er rate by the GXIO. Those o f  group 7 re c e iv e d  1 0 ,000  normal 
l a r v a e ,  from  th e  common l a r v a l  h a r v e s t ,  to  act as v a c c in e  larval 
c o n t r o ls .  Groups 8 and 9 were d e s ig n a te d  c h a lle n g e  controls and 
received no la rv a e  on day 0 . (They a ls o  served a s  haem oglobin 
controls until the tim e o f  th e  in a c t i v a t io n  kill*) Group 10 lambs 
se rv ed  as haem oglobin c o n t ro ls  th ro u g h o u t th e  experiment, and 
re c e iv e d  no la rv a e  at any time.
All. lambs in a l l  groups were b lood-sam pled  ev ery  14 days f o r  
haem oglobin and p a c k e d -c e l l  volume e s t im a tio n s  throu^out th e  
experiment. Over th e  same p e r io d ,  f a e c e s  samples were r e g u la r ly  
c o l le c te d  from  each  lamb for egg counting*
On day 30 , a l l  th e  iam bs i n  g roups 1 ,3 ,5  and 7 were k i l l e d  
to  d e te rm in e  b o th  the degree o f  larval i n a c t i v a t io n  ach iev ed  and 
the p ro p o r t io n  o f m l e s  to  females surviving th e  irradiation.
This time interval of 30 days was chosen to  approx im ate  to  th e  
co rre sp o n d in g  i n t e r v a l  o f  experiment 12 , th e re b y  k eep in g  the 
experiments in line.
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On day 60 , th e  lam bs i n  g ro u p s 2, 6 and 9 were g iv e n  a  
c h a lle n g e  i n f e c t i o n  o f  50 ,000  norm al l a r v a e ,  w h ile  th o s e  o f  
g roups 4 and 8 were g iv e n  10 ,000  la rv a e *
Groups 8 and 9 th u s  a c te d  a s  r e s p e c t iv e  challenge c o n tro ls *
On day 100 a l l  lam bs were s la u g h te re d  and th e  worms p r e s e n t
i n  th e  abomasa were counted*
The design o f  th e  ex p erim en t i s  sutaraarised i n  T ab le  1*
H esu its*
(a )  I n a c t iv a t i o n  k i l l
( i )  P a r a s i t o l o g i c a l .  I n  T able 2 a re  shown th e  
egg and worm c o u n ts  o f  th e  fo u r  g roups k i l l e d  to  a s s e s s  th e  
d eg ree  o f  i n a c t i v a t i o n .  On a  group  b a s i s ,  th e  egg c o u n ts  
ro u g lily  p a r a l l e l e d  th e  worm counts*
T ab le  3 shows th e  r e s u l t s  o f  S tu d e n t 's  *t* t e s t  a p p l ie d
to  th e  worm buï’dens o f  th e  fo u r  g ro u p s . The worm nuaibers o f
th e  i r r a d i a t e d  g ro u p s show s i g n i f i c a n t  d i f f e r e n c e s  from  th e  
c o n t r o l .  In  a d d i t io n  th e r e  i s  a  p ro b ab ly  s i g n i f i c a n t  d eg ree  
o f  d i f f e r e n c e  (p<.02) betw een th e  two g roups whose la rv a e  
r e c e iv e d  th e  same i r r a d i a t i o n  dose (40 ,000  ro e n tg e n s )  b u t g iv en  
a t  d i f f e r e n t  r a t e s  (186 and 592 ro e n tg e n s  p e r  m in u te , r e s p e c t iv e ly ) .
T ab le 4 shows th e  sex  r a t i o  co u n ts  and p e rc e n ta g e s  o f  th e
worms from  th e  f o u r  gnoups. .
T able 5 c o n ta in s  th e  r e s u l t s  o f  th e  *t* t e s t  a .pp lied  to  th e  
fem ale  worm c o u n ts  o f  each  g ro u p , whereby i t  was con firm ed  t h a t  
th e  fem ale  p o p u la t io n  o f  two o f  th e  i r r a d i a t e d  g roups d i f f e r e d  
s i g n i f i c a n t l y  from  t h a t  o f  th e  c o n t r o ls  (p < .0 0 5 , and < * 0 2 ),
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w h ile  th e  d i f f e r e n c e  betw een th e  rem a in in g  I r r a d i a t e d  group 
and th e  c o n t ro l  waa p ro b ab ly  s i g n i f i c a n t  (p < * 0 5 )*  A lso , 
th e  fem ale  p o p u la t io n  r e s u l t i n g  from  th e  'f a s t*  40 ,000  ro e n tg e n  
group was s i g n i f i c a n t l y  (p < .0 0 5 )  s m a lle r  th a n  th a t, from  i t s  
* slow * 40 ,000  c o u n te rp a r t  *
( l l )  H aeüiato log ical*  Graph 1 d e p ic ts  th e  mean 
haem oglobin  l e v e l s  o f  th e  v a r io u s  com parable g roups from  day 0 
to  th e  tim e o f  i n a c t i v a t io n  k i l l ,  v i a : -  g roups 8 ,9  and 1 0 , which 
had r e c e iv e d  no l a r v a e ,  se rv ed  to g e th e r  a s  one l a r g e r  s i s e d  group . 
o f  haem oglobin  c o n tro ls *  A g ain st them were r e s p e c t iv e ly  compared 
th e  te n  lojmbs (g ro u p s 1 and 2) dosed w ith  la rv a e  i r r a d i a t e d  a t
10 .000  ro e n tg e n s  ( 's lo w *  r a t e ) ,  th e  te n  lam bs (g ro u p s 3 and 4) 
dosed w ith  la rv a e  i r r a d i a t e d  a t  40 ,000  ro e n tg e n s  ( 'f a s t *  r a t e ) ,  
th e  to n  lajxbs (g roups 5 and 6) dosed w ith  la rv a e  i r r a d i a t e d  a t
60.000 ro e n tg e n s  and th e  f iv e  lam bs (group 7 ) dosed w ith  th e  same 
number o f  norm al la rv a e *
T ab le s  6 and 7 show th e  haem oglobin d i f f e r e n c e s  from  th e  
tim e o f  d o s in g  to  th e  tim e o f  i n a c t i v a t io n  k i l l ;  tab3,e 6. i s  
concerned  w ith  g ro u p s 1 and 2 , 3 and 4 , and 5 and 6 , -  and t a b le  
7 w ith  g roups 7 and 8 , and 9 and 10*
T able 8 d em o n s tra te s  th e  a p p l ic a t io n  o f  th e  ' t * t e s t  to
th e  group mean haem oglobin  r e s u l t s *
The group r e c e iv in g  norm al la r v a e  shows a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e
(p < * 0 0 l) from  th e  undosed c o n tro ls *
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Bach group r e c e iv in g  i r r a d i a t e d  la rv a e  i s  h ig h ly  s x g n i f io a n t ly  
different (p <.001) from the aormal-lorvae- control group.
Finally# the 40,000 rooAtgoa group and the 60,000
roentgen group do not differ signifleantIj from the undomod 
c o n t r o ls  (p  < .2 5  and <*.5 r e s p e c t iv e ly ) ,  w h ile  th e  'alow * 40 ,000  
g roup  p ro b a b ly  (p  < .0 5 )  d i f f é r a  from  th e  \m doeed c o n t r o l  g roup .
(b ) ®JS43:2SgSX4ii-
(1) Farasltologloal, Table 7 show# the egg coimt#
of i^xmipB 2p 6 miû 9 before vaccination, after vaccination and 
after challenge together with the abomacal worm eaunte. The first 
was a check on the pre-experlmental paraoltie atatus, but no 
faeces samples w ere positive on %lne-eulphate Flotation or haermami 
êxmnlnation prior to vaccination.
Tno GXIO 40 ,000  ro e n tg e n  group  had H cH aeter p o s i t i v e  egg 
c o u n t0  fo llo w in g  v a c c in a t io n ,  b u t th e  GXIO 60 ,000  ro e n tg e n  group 
rem ained n e g a tiv e  a t  t h i s  tim e . F o llow ing  c h a l le n g e , m ost lambe 
had McFIastere p o s i t i v e  f a e c e s  with egg co u n ts  which ro u g h ly  
GorroopoBded to  t h e i r  f i n a l  worm c o u n te . One o f  the c h a lle n g e  
c o n t r o ls  d ied  o f  hacm ochoeic s h o r t ly  b e fo re  th e  f i n a l  k i l l ,  h av in g  
an abom asal bu rden  o f  13§390 H. c o n to r tu s  worms. On a  b a s is  o f  
th e  worm co u n t a ,  th e r e  l a  no 's ig i i i f l e a n t  d i f f e r e n c e  betw een th e  
GXIO 40 ,000  and GZIO 60 ,000  Z 'centgen g roups (num bers 2  and 6 ) 
and th e  c o n t ro l  (g roup  number 9 ) ,  o r  between th e  two CfllO groups 
thOHiselveG, (T ab le  1 1 ) .
T ab le 10 chows s iîB lla r  d a ta  f o r  g roups 4 (Biemenc 40,000 
ro e n tg e n )  and 8 ( 'Icw* ch a l'len g e  c o n t r o l ) .
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The SlemeuB group wa# negative for faecal eggs pre- and post-
v a c c in a t io n  b u t all lambs had positive egg c o u n ts  fo llo w in g  
c h a lle n g e . The mean abom asal wôxtü burden  o f  1030 t  1905 o f  
th e  Siemens group was s i g n i f i c a n t l y  d i f f e r e n t  (p  < ,005) from  
t h a t  o f  3500 ± 1691 worms o f  c o n t r o l  group 8, (T ab le  1 1 ) ,
(11) H ae m ato lo g ica l.
T ab le  12 shows th e  change i n  haem oglobin  levels o f  th e  
lambs of groups 2# 6, 9 and 10 from th e  tim e o f  c h a lle n g e  to  
th e  time of kill, and T able 13 d em o n stra te s  th e  application 
o f  th e  *t* t e s t  to  th e s e  group mean haem oglobin d i f f e r e n c e s .
Group 10 i s  In c lu d e d  a s  a  norm al-haem oglobin  c o n t r o l ;  There 
1 b .a  p ro b ab ly  s i g n i f i c a n t  d i f f e r e n c e  (p < & 05) between the group 
(number 9) r e c e iv in g  norm al larvae. and t h a t  (number 10) r e c e iv in g  
no la r v a e ;  th e  haem oglobin  d i f f e r e n c e s  between thê\tW vaccinated 
groups and th e  c h a lle n g e  c o n t ro l  group are not significant*
The haem oglobin  l e v e l s  o f  th e  c o n tro l  lamb which- died were 
3*1 gms* n in e  days p r i o r  to  d e a th  and 3*0 gins* th r e e  days b e fo re ,  
with packed cell yolume v a lu e s  o f  1 2 ,5 #  and 12# r e s p e c t iv e ly *
Table 14 s im i la r ly  shows th e  haem oglobin l e v e l s  o f  g roups 
4 and 8, w ith  group 10 again in c lu d e d  a s  a  n o m a l-h aem o g lo b in  
control. There i s  a  p ro b ab ly  s i g n i f i c a n t  d i f f e r e n c e  (p <*05)
(a )  betw een th e  v a c c in a te d  group (number 4) and th e  challenge 
c o n t r o l  (number B) and
(b) betw een th e  c h a lle n g e  c o n t r o l  (number 8) and th e  haem oglobin 
c o n t ro l  (number 1 0 ) .
The h a e m a to lo g ie a l r e s u l t s  are i l l u s t r a t e d  i n  Graphs 2 and 3*
1 8 3 .
A ls s m s lm .
An aeneenmeat of the reaulte of this experlmeht fall# 
naturally Into two part#;— (a) one dealing with evonte np 
to the time of the Inactivation kill;
(h) the other dealing with events 
up to the time of the challenge kill;-
A. I n a o t lv a t lo n .
4m ngTiiÉ
The roeult# obtained from the In&otivation kill provided 
Information regarding two of the three qnerlee %diloh formed 
the rationale for the experiment,
t&)' The effeo t o f Inoreaslng the rate o f X-lrradiatlon  
on the paraalte. T his. component can only be taken an a p ilo t  
t%*ial, particularly as two d ifferen t X-ray maohinea were iteed, 
but i t  appeared'to-indicate that 40,000 roentgens of X-irradi&tlon 
delivered  a t 592 roentgen# per mlimte, exerted an In activa tin g  
effec t on H. eontortuG larvae ooeparnblo to 60,000 roontgene at 
the rate o f 186 per minuté. This tentative aeaeecmont i s  made 
on a baeio of : 1} the to ta l worm population resu lting from
the 40,000 roentgen group differed- sign ifican tly  (p <.02)
from it8 . *8lo%F* 40#000' counterpart# but - did not' d iffer  
sign ifican tly  from that of the 60*000;r^pAntgen group,
11) the mean m m W r  of male# in. the 
irradiated group (0.8 j; l*2) le nearly ten timea lea# tWm that 
from the * alow* group (7*2 7*8)# but is the same aa that from
the 60,000 group (0.8 1.2).
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However, th e  f a s t - i r r a d i a t e d  la rv a e  sp e n t o n ly  32# 
o f  th e  t im o rd f  t h e i r  'slow * eq n iv aJ .en ts  u n d er th e  X -ray  
beam (67*5 m in u te s , compared to  215) and , i n  a d d i t io n ,  were 
i r r a d i a t e d  i n  a  l a r v a l  c o n c e n tr a t io n  o f 1 2 ,0 0 0 /m l, compared 
to  4 0 ,0 0 0 /m l, The combined f a c to r s  o f  s h o r te r  time and low er 
c o n c e n tr a t io n  would t h e o r e t i c a l l y  te n d  to  enliance th e  e f f e c t  
o f  a  g iv e n  dosage o f  X - ra y s ' th ro u g h  p ro v id in g  a  h ig h e r  oxygen 
(te n s io n  d u r in g  i r r a d ia t io n *
W hether o r  n o t th e  * ad v an tag eo u s* c o n d i t io n s  o f  th e  f  a s t e r  
irrad ia/fced  group  a r e  q u a n t i t a t iv e  to  th e  e x te n t  o f  s im u la t in g  
an in c re a s e  i n  th e  o rd e r  o f  20,000 ro e n tg e n s , i s  a m a tte r  f o r  
f u r th e r  i n v e s t i g a t io n ,  |
The pronounced s u s c e p t i b i l i t y  o f  th e  male p a r a s i t e  to  X -irrad* 
- r a t i o n  was a g a in  d em o n s tra te d , a s  i n  experim en t 8 w ith  
b. viVip a ru s  and a s  r e p o r te d ,  J a r r e t t ,  J e n n in g s , M cIn tyre  and 
Sharp I9 6 0 , w ith  T* c o X u b rifo rm is* From T able 4 i t  can  be seen 
t h a t  th e  mean p e rc e n ta g e  o f  m ales in  th e  i n a c t i v a t io n  c o n t ro l  
group (number 7) i s  49*5 ± 0*8#, compared to  3*7#, 0*8# and 0 .5 #  
o f  g roups 1 ,3  and 5 re s p e c tiv e ly *  T his g r e a t e r  s u s c e p t i b i l i t y  
o f  m ales to  X - i r r a d ia t io n  h a s  been reco rd ed  a ls o  by S h ild iobalova , 
Karmanova and Shekhtman (1958) w ith  T. s p i r a l i s * E ie k  and K è ith  
( i9 6 0 )  w ith  0* rad ia tu m  and O io rd ia  and B ia s e l l  ( i9 6 0 )  w ith  
T* a x e l .  In  a d d i t io n ,  Kat% ( i9 6 0 )  h as  re co rd ed  a  s im i la r  e f f e c t  
on th e  h e te r o g e n e t ic  g e n e ra t io n  o f  B* n a p i l lo s u s  x^ith gamma 
i r r a d i a t i o n  from  a  c o b a lt-6 0  so u rc e .
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(b ) Tim second f a c t o r  w hich the experim en t was d es ig n ed  
to  e lu c id a te  was th e  p o s s i b i l i t y  o f  th e  v a c c in e  I t s e l f  b e in g  
p a th o g e n ic  th ro u g h  i t s  s u rv iv in g  fem ale com ponent, A c r i t i c i s m  
o f  the p re v io u s  ex p e rim en ts  in v o lv in g  H, e o n to r tu e  (num bers 12 
and 1 3 ) i s  t h a t  a t t e n t i o n  was fo cu sse d  on xtorm numbers b u t n o t 
on haem oglobin  l e v e l s ,  T h is  o m issio n  was due to pressure o f  
work and xfas r e c t i f i e d  i n  th e  p r e s e n t  ex p e rim en t,
Reference to  T able 5 shows t h a t  two o f  th e  v a c c in e  g roups -  
C4X10 6 0 ,0 0 0  and, Siemens 40 ,000  -  were in d is t in g u is h a b le  
s t a t i s t i c a l l y  from  th e  u n t r e a te d  haem oglobin  c o n t r o l s ,  w h ile  
th e  t h i r d  v a c c in e  g ro u p .-  GXIO 40 ,000  -  was p ro b ab ly  s i g n i f i c a n t l y  
(p  < ,0 5 )  a f f e c te d  on th e  same com parison . However, a l l  th r e e
T V ' ■ " ■ ■'
v a c c in a te d  g roups shoxfed highly s ig n i f i c a n t  haem oglobin d i f f e r e n c e s  
(p <,001 i n  each  c a se )  compared to  that c o n t ro l  group  which 
re c e iv e d  th e  same number o f  norm al l a r v a e .  I n  t h i s  c o n te x t ,  th e  
result of an experiment by Hemraok, Emeriok, Shumard, Pope and 
P h i l l i p s  (1956) i s  o f  i n t e r e s t*  These w orkers in f e c te d  one group 
o f  lam bs w ith  20 ,000  norm al H* o o n to r tu s  l a r v a e :  th e y  p e r io d ic a l ly
b led  a  second group until it approx im ated  to  th e  mean haem oglobin 
level of the infected animals; on day 55, they challenged these 
lam bs and a  t h i r d ,  c o n t r o l ,  group w ith  100 ,000  norm al larvae; 
they concluded  t h a t  group 2 ( a s  w e ll  a s  group 1 ) was significantly 
resistant and t h a t  one o f  th e  most im p o rta n t f a c t o r s  in immimity 
to  haem onchosis 1b the ability of the sheep to  withstand and 
respond  to th e  haemorrhagio e f f e c t  o f  the worm. Howbver, to  
d e l ib e r a t e ly  Induce  vaccine pathogenicity would seem to  be
1,86.
p o t e n t i a l l y  h azard o u s and cap ab le  o f  too  l i t t l e  c o n t r o l  f o r  
w idesp read  u se  i n  th e  f i e l d .
B. C h a llen g e .
The 3.ambs o f  th e  rem a in in g  th r e e  v a c c in a te  g ro u p s , 
m m hers 2 , 4 and 6 were c h a lle n g e d  w ith  50 ,0 0 0 , 10 ,000  and 50,000 
in f e c t iv e  la rv a e  r e s p e c t iv e ly ,  to g e th e r  w ith  two a p p ro p r ia te  
c o n tro l  gi^oups. A d oub le  l e v e l  o f  c h a lle n g e  was u se d  f o r  two 
m ain reasons:™
(a )  th e  'f a s t*  i r r a d i a t i o n  had n o t been u sed  p re v io u s ly  to  
produce a  l a r v a l  v a c c in e  and i t  was n o t w ished to  
r i s k  ovei’w helm ng  bxki tuiîmown p r o te c t iv e  e f f e c t .
Thus, a  lo w er (3.0,000 la rv a e )  c h a lle n g e  was used  
a g a in s t  th e  ' S iem ens' group*
(b ) i n  ex perim en t 1 2 , lam bs s im i la r ly  v a c c in a te d  w ith
1 0 ,000  la rv a e  i r r a d i a t e d  a t  40 ,000  o r  60 ,000  ro e n tg e n s  
s u c c e s s fu l ly  resisted a  low  challenge; the p re s e n t  
com parable’ g roups were th e r e f o r e  t e s t e d  a g a in s t  a  
h ig h  c h a lle n g e ;  (50 ,000  l a r v a e ) .
At post-m ortem , th e  Siemens group had a  mean m m ber o f  
3,030  i  3.905  xforms, which d i f f e r e d  s i g n i f i c a n t l y  (p  < .0 0 5 ) from  
th e  mean o f  3500 j  1691 o f  i t s  c h a lle n g e  c o n t ro l  g ro u p . T h is was 
n o t a s  good a 3.evel o f  Immunity a s  was shoxm by th e  40 ,000  o r  
(50,000 ro e n tg e n  g roups o f  exp erim en t 12* However, th e  c h a lle n g e  
l e v e l  was h ig h e r  a g a in s t  th e  Siem ens g roup , b e in g  10 ,000  compared 
to  8 ,0 0 0 , and p ro d u c in g  3500 t  1691 worms i n  th e  p r e s e n t  c o n t r o ls ,  
compared to  2042 -f 1260 i n  th e  c o n t ro ls  o f  experim en t 12;
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(though  n o t e ig n if ie a n tX y  m ore, p < 0 .2 0 ) .  A lso , th e  sex  r a t i o  
o f  44?5# m ales i n  th e  ahom asal eoun t o f  th e  c h a lle n g e d  Siemens 
group m ight in d ic a t e  a  p e r s i s ta n c e  o f  i r r a d i a t e d  fem a les  from  
v a c c in a tio n *
' Egg co u n ts  have been l a r g e ly  Ig n o red  i n  t h i s  discussion, 
because w h ile  th e y  d id  ap p ro x im a te ly  p a r a l l e l  th e  abom asal worm 
b u rd en s , th e y  a re  s u b je c t  i n  g e n e ra l  to  wide and o f te n  u n p re d ic ta b le  
v a r i a t i o n  (w he ther m easured a s  eggs pea? gram o r  eggs p e r  days 
Bpedding, 3,952) and I n  th e  p a r t i c u l a r  c a se  o f  t h i s  ty p e  o f  
experiment two f u r t h e r  f a c t o r s  may o p e ra te s  (a )  o n e m a jiife s ta tio n  
o f  h o s t  Im im nity  (B ou lsby , 1958; S te w a rt and Gordon, .1950) may be 
t o t a l  o r  p a r t i a l  s u p p re s s io n  o f  egg p ro d u c tio n  o r  o u tp u t . -
(b ) i n  s e v e re ly  a f f e c te d  
a n o re x ic  lam bs, th e  number o f  eggs p e r  gram may be a r t e f a c t u a l l y  
b o o s ted  by a  d ec re a se d  f a e c a l  volum e. ,
The mean worm b u rd en s o f  th e  two o th e r  (GXIO) v a c c in a te  groups 
a r e  h a rd e r  to  i n t e r p r e t ,  p a r t l y  b ecau se  th e  w idely  ran g ed  worm 
mmibers ( e .g .  th e  S tan d a rd  D e v ia tio n  o f  + 4709 on a  mean o f  4410) o f  
the 50 p 000 la rv a e  c o n t r o l  group re n d e r  s t a t i s t i c a l  a n a ly s i s  d i f f i c u l t  
compared to  th e  t i g h t e r  r e s u l t s  o f  th e  low c h a lle n g e  g ro u p , ( whoso 
mean and s ta n d a rd  d e v ia t io n  were 3500 jh 1691). A lso , there may be 
a  d eg ree  o f c o m p e titiv e  i n h i b i t i o n  i n  a  s in g le  c h a lle n g e  o f  50?ODD 
larvae, c a u s in g  a  n u m e ric a l r e d u c t io n  in  th e  f i n a l  p o p u la tio n  th rough  
f a c t o r s  unconnected  w ith  th e  h o s ts*  iimmme s t a t u s .  However, from 
ta b le  9 , i t  can  be seen  t h a t  fo u r  lam bs may be c o n s id e re d  to  have 
been 'p rco tec ted*  (on  a  b a s i s  o f  500 worms o r  l e s s )  i n  group 6 
(0X3-0 6 0 ,0 0 0 ) , and th r e e  i n  group 2 (0XIO 4 0 ,0 0 0 ) . In  group 2 ,
1 8 8 .
a  mean sex  r a t i o  o f  43# m a les , s u g g e s ts ,  b u t does n o t p ro v e , 
t h a t  a  p ro p o r t io n  o f  th e  abom asal popu3.atlon was p e r s i s t i n g  
from v a e o in a t io n .
In  summary, s h o r t  answ ers to  th e  m ain q u e r ie s  posed p r i o r  
to  th e  exp erim en t a r e :
(a )  The ev id en ce  i s  su g g e s tiv e  t h a t  th e  r a t e  o f  X - i r r a d la t io n  
may a f f e c t  th e  d eg ree  o f  l a r v a l  a t te n u a t io n  r e s u l t i n g  from
th e  same t o t a l  q u a n t i ty  o f  i r r a d i a t i o n .
(b ) The v a c c in e  larval do ses u sed  i n  t h i s  expezlm ent were n o t 
p a th o g e n ic  to  th e  lam bs on a  b a s i s  o f  haerâoglobin  e s tim a tio n s ,
(e )  E leven  o f  th e  15 v a c c in a te d  lam bs may be c o n s id e re d  to  have 
been a d e q u a te ly  p r o te c te d ,  w h ile  e ig h t  o f  th e  10 c o n t ro ls  
developed  l a r g e  worm b u rd en s and one o f  them d ie d  from  ib s  
c h a lle n g e  I n f e c t io n .
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T able 3,. P la a  o f  E xperim ent 14 .
• The ro e n tg e n  l e v e l s  and r a t e s ,  th e  l a r v a l  
num bers u sed  i n  Im iaunlsing d o se s , and th e  
tim e s  o f  a d m in is te r in g  la rv a e  and k i l l i n g  
lam bs.
—uttfoueiti » o o * V c ' » ' . . ' g * c J j a « g A r * < «n.i .imm.. iPm.idli
-  3: -zr X -rayMachineH a te .o f  d e l iv e r y  l aro e n tg e n s
p e r
m in u te .
la rv a e  
Day 0
ivi Af«
Day 30
horm al 
la rv a e  
Day 60 Day 100
1 5 40,000 GXIO 186 10,000 K il le d *Ft* ■ - —
2 5 4 0 ,000 GXiO 186 10 ,000 50,000 K il le d
3 5 40 ,000 Siemens 592 10,000 K il le d «a -
Â4' 5 40 ,000  ’ Siemens 592 10 ,000 W  . ; 10,000 K il le d
5 60,000 <1X10 186 10 ,000 m i i e d —
6 . 5 60 ,000 0X10 186 10 ,000 50,000 K il le d
'.T  - ■ 
:
5
5
— 10,000
norm al
la rv a e
K il le d ,
10 ,000 K il le d
9 . 5 - « 50,000 K il le d
ÏÔ  ^ 5 #a# K ille d
fP^Cpwi*T3.^% *=.;«*'K».*TWjC4KW*e#IW.tTC irtprta-s
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In a o tiT O tlo n  k i l l  on d a j  30* Abomasal 
worm eo m its  and f a e c a l  egg c o t ia ts , th o  
l a t t e r  b e in g  raado one day p re v io u s ly .
&3cperlment 14 .
R oentgen X -ray  Lamb 
Group dosage M achine #maber*»6cw«'*MEi=-eit-,Uhrof«j-»«siv.Vp<f4ev'<SK5cCe.i*»s*
1  4 0 ,0 0 0  ex io 1
2
Humber o f  
p e r  gm. o f  
f a e c e s
200 
30 
0 
0 
0
Humber o f  worms 
i n  abomasum
460
800
300
1 .2 0 0
ù.~h
40,000 Siemens
120
280
360
300-1- 98
6 0 ,0 0 0  G-n.0 440
160
260
620
120
320-1- 186
1 ,2 0 0
5,200
3,750
2,800
10 ,250
3,000
1,280
1 ,6 6 0
1,800
n e m
Mean 1,870+ 591
3.91.
R e s u l ts  o f  a p p ly in g  S tu d e n t 's  ?t*^ test 
to  th e  final worm eo u n ts  o f  th e  in a c t iy a t io n -  
kill groupa.
Groupa com pered
i  (GX*4O0 and ?  ( c o n tr o l )
5  ( S iem ens) " 7 ( c o n t r o l )
5 (GX'60*) *' 7 ( c o n t r o l )
1 (0X^40^) " 3 (Siem ena)
P r o b a b i l i ty  that mean
worm coun t d i f f e r e n c e  
i s  due to  chance
p < •'
p <,001
P<.G015 
P < . 02
uwuMi 'j#  p*Mhw i
The B eaae l c o r r e c t io n  f a c t o r  f o r  sm a ll 
sam ple b ia s  was a p p l ie d  i n  the c a l c u l a t i o n  
o f  ' t * •
îaKLe JL.
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Sex r a t i o  co u n ts  o f  worms from  
'i n a c t i v a t i o n  k i l l *  g ro u p s .
Group
T o ta l number 
o f  worms 
coun ted  f o r  
se x in g .
Mumber
of
m ales
Humber
o f
femîo3.es
.■percentage o f  
m ales
-Ü* 4i4* seySéSrTü^WîrgliH
1 1  
40,000r,2 
030.0 3 
4 
3
177
260
199
16'i
154
2
5
22
0
_ %
Mean. 7.2+7.8 Mean
175 
255 ,
177 
163 , 
147
179+ 58
1.1
,1.9
11,1
0
3.7
. . V  . i 90 0 90 0
3 2 110 3 107 2.8
4G,000r. 3 102 1 101 1
Siemens 4 45 0 45 0
3 111 0 111 0
Mean 078+1,2 Mean 91+ 24 0.8
3 1 157 0 157 0
60,000r. 2 201 5 198 1.5
0X10 3 104 1 103 1.0
■ 4 47 0 47 0
5 68 0 68 Q
Mean 0.8+1,2 Mean 115+ 56 0.5
r - f 954 458 476 48.9
» P
f ' T ' i K t f r ' U n T  ^ 451 225 226 49,9
c u n . m u j j  ^ 479 252 247 48.4
4 665 558 327 5 0 , 8
5 415 210
Mean 292+95 Mean 297+ 98 jMean 4SK5+ .83
T able
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R e s u lts  o f  a p p ly in g  S tu d e n t’ s  ’ t ’ t e s t  
to  th e  t o t a l  fem ale  co u n ts  o f  th e  inact*  
-1 v a t l o n - k l l l  g ro u p s .
Groups oompared P r o b a b i l i ty  that 
in te r -g ro u p  d i f f e r e n c e  i s  
due to  Ghanae.
X (GX*40’ ) and 7 { C o n tro l) P < .0 5
3 (S iem ens) " 7 (C o n tro l) P < .005
5 (01*60’ ) ” 7 (C o n tro l) p < .0 2
1 (01*40’ ) " 3 (Siem ens) p < .0 0 5
* The B e sse l c o r r e c t io n  f ig u r e  f o r  
sm a ll sam ple b ia s  was a p p lie d  i n  
th e  c a lc u l a t i o n  o f  *t*.
194.
T ab le  6 .
In d iv id u a l  and mean d i f f e r e n c e s  i n  haem oglobin  levels o f  
vaocinated groups 1 and 2* 3 and 4# and 3 and 6 from the 
t h i r d  day fo llo w in g  vaccination to  th e  day b e fo re  th e  
i n a c t i v a t io n  kill.
Group number lamb 
and description Humber
Haemoglobin l e v e l  
in gms/lOO ml. on 
Hay 3
Haemoglobin level Hiffer- 
in gms/lOO ml. on ^enoe 
Day 29.
1.40,OOpr. G%10
2.40,OOOr. GXIO
1
2
3
4
5
1
2
3
Mean
3 .40 ;000r.& iem en8  1
2
3
4
5
11.1
11.1
11.5 
l l f 4
9 .9
10.9
11.4
11.6
1 2 .5  
11.6 
11.30
12.4 
10.6
10.5 
10.0
9.8
1 0 .6
9 .9  
1 0 .2
9.9 
10.0
9.6
10.2
9.0
10.5
Mean 10»O2
«0.5 
*"1. 2 
- 1 .3  
«1.5
+0.1
"•1*3
« 1.2
«2* 6 
- 2.0
3IeanlT28+0.70.IWlâ Mrt- r*fÀ
.99 
9.9 
9.6 
9*8 
10.2
— 2 * 3 
«0.7
—0 .7  
—0  *  2 
+0.4(T-a Ly"'
4#40,ooor,Siemens 1I
4
5
5l657oobr.G%10
6. 60,ÛOOr.&X10
Mean
10.9
11.5
11.1
1 1 .4
10.3
10.83 Mean
10.3
9.9
9.9 
12.0
10.0to*»TWù«aâs*ï?si. -
10 .1 5
- 0 . 6
—1.6 
« 1 . 2
+0 .6%
Mean
■acics»ïï^ 4»-«i^ î.*,\-WB»^ .'s8.'/»ïi-Wï=,ias“a3*,a3e3tt-s,ïi-xs^ 5?*ï»w-i. ij m ' f #' i # .n,''i,.rra#LEiaKrB±;ÿ:?*Tiw6t'»^'*«x&#.TaTfa'K%MA;
0 .68 + 
0.87 ~
1 1Ô.6 10.5 —0 .1
2 12.2 11,1 -1.1
3 12.6 10.0 «1.8
4 11.1 10.8 «0.3
5 12,0 11.6 —0 .4
1 11,5 1 0 % «0.9
2 10.2 10.2 0.0
3 12.2 11.1 «1.1
4 11.2 . 9.8 «1*4
5 ■ 11.2 I S i i 5 , «0* 6
Mean 1 1 .4 8 1 0 .7 1 Mean-O.77+ 0 ,6! ^-iSi(Msihrt,i.L.i.'Il limii ,Wi, #,n
195 .
T ab le 7 . I n d iv id u a l  and mean d i f f e r e n c e s  i n  haem oglobin  l e v e l s  
o f  unclosed c o n t ro l  g ro u p s  8 ,9  and 10 and l a r v a l  c o n t ro l  
group 7 from, th e  t h i r d  day a f t e r  d o s in g  group 7 to  th e  
day b e fo re  th e  in a c t iv a .t io n  k i l l .
Tirr^ î»Tiirs3=e.'^
l e r r e  t?; isp.'sifc'easMiiMae
Group number
and Lamb
d e s c r ip t i o n . Iteûber
8 undosed c o n t ro l
Haemoglobin l e v e l  
i n  gias/lOO m l. on 
3)ay 3 '
Haemoglobin l e v e l  
in  gme/XOD m l. on 
Day 29 <
10 undosed 
c o n t ro l
D if fe re n c e
1 1 2 .0 12.0 0 .0
2 1 2 .5 1 2 .0 ' - 0 .5
3 12.3 1 1 .2 -1.1
4 1 0 .9  ; 11.2 ; +0.3
■ 5 1 0 .9 11.2 +0.3
1 1 1 .5 10 .3 —1 . 2
9 undosed 2 14.0 1 2 .6 —1 .4
c o n t ro l 3 1 1 .9 1 1 .2 - 0 .7
4 1 2 .4 1 0 .6 - 1 .8
5 10.9 1 0 .9 0 .0  
». uuwpiilwifBW— ,
1 1 1 .1 1 1 . 2 +0 . 1
2 1 1 .2 1 1 .5 + 0 .3 '
3 1 0 .4 1 0 .9 +0.5
4 1 1 .8 1 0 . 5 - 1 . 3
- 1 .6 '5 1 3 . 5  : 1 1 ^
M eanll*82 Mean 1 1 .2 6 M ean-0.54+0.77
7 c o n t ro l  
dosed w ith  
.1.0 p 000 norm al 
l a r v a e .
1 1 2 . 5 8 .7  ^ -3 .8 '
2 1 3 . 5  ' 9.9 ' -3 .6 '
3 12.3 9.5 —2.8'
4 1 2 . 3  , 9 . 8  , - 2 .5
5 12.0 8 .8 - 3 . 2 '
Mean 1 2 .5 2 Mean 9 .3 4  . Me#]I -3.Ï5+0.46
1 9 6 .
T ab le  8 . E esu l.te  o f  a p p ly in g  S tu d e n t’s  ’t ’^ t e s t
to  th e  group mean haem oglobin-d .evel d i f f e r e n c e s
o f  t a b l e s  6 and 7 .
ai'#.Tr^\w.f)40TR#«*arR"'KtrircTfArù i934tr*irf#MrMnag]j!M*
Groups compared
7 (n o rm a l- la rv a e  c o n t r o ls )  
and 8 -9 -1 0  (undosed c o n t ro ls )
1 -2  (4O,OOOr.0XlO) and B-9-10 
(Undosed c o n t ro ls )
3 - 4  ( 4 0 ,ooO r,S iem ens) and 
8-9«.io (undoeed c o n trô la )
5-6  (6 0 ,0 0 0 r . GXIO) and 8 -9 -1 0  
(tm dosed c o n t r o ls )
1 -2  (4 0 ,0 0 0 r . 0X10) mid 7
(n o rm a l- la rv a e  c o n t r o l s )
3 -4  (4 0 ,0 0 0 r . Siem ens) and 7 
(n o rm a l- la w a e  c o n t r o ls )
5-6 (6 0 ,0 0 0 r. 0X10) and 7
(n o rm al-1 a rv ae  c o n t r o l s ) .
P r o b a b i l i t y  t h a t  
mean d i f f e r e n c e  i s  
due to  chance ,
T r  i~i^ r - 1" •- —  "—1 r  rTT|-i-|—irun'nripw, ; *  ¥ —
p < .0 0 1
P < . 05  
P < . 2 5  
P < .5
p < ,0 0 1  
p < oOOl 
p < ,  001
•tri*xîn«r*-'.ï*îKvrj;TB»3SÈ^O,ir,:
The B e sse l c o r r e c t io n  f a c t o r  f o r  sm a ll 
sam ple b ia s  was a p p lie d  i n  th e  c a lc u l a t i o n
f 4' »
197.
y ab le  9* R e s iî l ts  o f  f a e c a l  egg coimtB b e fo re  
v a c c in a t io n  and b e fo re  and a f t e r  
c h a lle n g e  w ith  9 0 ,0 0 0  l a r v a e ,  to g e th e r  
w ith  th e  abom asal worm bux’d en s , o f  
g roups 2 , 6 and 9#
jiW^ i lj» " i W & , - k r l J P w #
Group no . Max. z m o . Peak M cl#ieter McMaster Abomasal
and f l o t a t i o n  ‘ egg coun t egg coun t worm
d e s c r ip t io n . egg co u n t b e fo re a f t e r c o u n t,
b e fo re c h a l le n g e , C h a lle n g e .
v a c c in a t io n .
2 . 1 —ve 50 -ve' 0
40,000r* 2 —ve 50 50 0
CtX IO 3 «ve *«ve -v e 500
4 —ve 50 3 ,0 0 0 1 ,4 8 0
3 -v e “ V e 3 4 ,250 14 .860
Mean 3,370+  5 ,771
6 . 1 -v e *ve -v e 0
6 0 ,0 0 0 r . 2 «ve -v e 250 40
GXIO 3 «ve -v e -v e 60
4 -v e *ve 1 ,1 5 0 460
5 -v e —ve 1 ,1 0 0 1.6.40 _
Mean 640+ 654
9* *High 1 *"Ve 100 0
C hallenge 2 -V C 9 ,450 1 ,580
c o n t r o ls  * 3 « -v e 17 ,250 2 ,740
4 -v e 2 ,750 4 ,3 4 0
5 -v e 12 ,650 1%,.220.
Mean 4,410+  4 ,709
196,
T ab le 10 . R é s u lta  o f  f a e c a l  egg co im ts b e fo re  
v a c c in a t io n  and b e fo re  and a f t e r  c h a lle n g e  
w ith  1 0 ,000  l a r v a e ,  to g e th e r  w ith  abom asal
worm b u rd en s , o f  g roups 4 BH(k 8 .
Group n o . Max, ZmO. Peak McMaster Peak McMaster
1 1 » rw , iwri #11 # .... .
Abomasal
and f l o t a t i o n egg coun t egg coun t worm
description egg coun t b e fo re a f t e r c o u n ts .
b e fo re  v a c c in -  c h a lle n g e c h a lle n g e
a t io n .
4 . 1 --V0 -v e 2,750 100
40,000r. 2 -v e -v e 50 160
Siemens 3 -v e -v e 9 ,350 520
4 -v e -v e 4 ,6 0 0 600
5 -v e -v e 4 ,1 0 0 3 ,7 %
Mean 1 ,050+1,905
8 . 1 -v e 3,450 820
MiOW e h a l l - 2 -v e 1 2 ,900 2,680
«enge * 3 -v e 7 ,2 0 0 5 ,400
c o n t ro ls 44 — -v e 34 ,650 5,140
5 — - V O 1 4 ,350 5 ,440
Mean 3 ,500+  1 ,6 9 1
T able 11 .
199 .
R e s u l ts  o f  a p p ly in g  S tu d e n t’s  *t*# t o s t  
to  th e  group aboraasal worm co u n ts  o f  
t a b l e s  9 and 1 0 .
Tl *#JLh.DW-hl. #AM
Groups compared
2. (40,000r.G X 10) and 
9* (High c h a lle n g e  c o n t r o ls )
P r o b a b i l i ty  t h a t  mean 
d i f f e r e n c e  i s  due to  
ch an ce .wag»~ijT;>-*ar!gr-frAmjaXT»i BIJWI 
p .8
6. (6 0 ,0 0 0 r . GXIO) ojad 
9 . (High c h a lle n g e  c o n t r o ls ) P .2
2. (4 0 ,0 0 0 r . O-XIO) and 
6. (60,0001% GXIO) P .4
4 . (4 0 ,OOOr.Siemens) and 
8 . ( low c h a lle n g e  c o n t r o ls ) p .005
"XThe B e sse l c o r r e c t io n  f o r  sm a ll sam ple 
b ia s  was a p p l ie d  i n  th e  c a lc u l a t i o n  o f  ’ t*
200.
T able 12 . I n d iv id u a l  and mean d i f f e r e n c e s  i n  haem oglobin  
l e v e l s  o f  v a c c in a te  groups 2 and 6 , c h a lle n g e  
c o n t r o l  group 9 and undoeed haem oglobin  c o n tro l  
g roup 1 0 , from  th e  tim e  o f  c h a lle n g e  to  th e  tim e 
o f  k i l l .
Group no . Haemoglobin Haemoglobin
and l e v e l  i n  gms/ l e v e l  i n  gms/ D if fe re n c e
d e s c r ip t io n 100 m l. on 100 fill, on
Bay 97 Day 99
2. 1 1 1 .5 1 2 .1 t p .6
(4 0 ,OOOr. 2 1 0 .9 1 1 .8 4 0 .9
GXIO) 3 12 .3 1 1 .5 - 0 .8
4 1 0 .9 6 .4 - 4 .5
5 1 1 .0 1 1 .9 ± o m
Mean 1 1 .3 2 Mean 10 .74 Mean " 0 .5  + 2 .01
6.
fii iiHf WM f m '\wltttm
1 1 1 .0 1 0 .6 —0 .4
(60,OOOr. 2 1 1 .2 1 1 .5 40.3
GXIO) 3 11.5 1 0 .9 —0 * 6
4 1 0 .0 1 0 .5 tO .5
5 1 1 .8 1 1 ,1 —0 .7
Mean 1 1 .1 0 Mean 1 0 .9 2 Mean -0 .1 8  ± 0 .4 9
9 . 1 10 .3 5 .4 - 4 .9
( ’High 2 1 2 .6 1 2 .0 —0 .6
c h a lle n g e 3 1 1 .2 3.0* - 8 .2
c o n t ro ls  *) 4 1 0 .6 9 .4 - 1 .2
5 10.9 1 0 .8 - 0 .1
Mean 1 1 .1 2 Mean 8 .1 2 Memi--3 .0  2 .9 9
10 . 1 1 1 .2 1 1 .8 tO*6
(Hadosed 2 1 1 .5 1 1 .6 +0.1
haem oglobin 3 1 0 .9 1 1 .5 + 0 .6
c o n t r o l s ) . 4 1 0 .5 1 1 ,5 + 1 .0
5 l l j ^ 1 1 .7
Mean 1 1 .2 0 Mean 11 .62 Mean * 0 .4 2  + 0 .4 2
*Died l a t e r  i n  day 99 .
201.
(gable 13 R e s u lts  of a p p ly in g  S tu d e n t’ s  ’ t * 
test to  th e  group mean haem oglobin  
differences o f  table 12.
,-cixaEteaMi™» i U#um wfii
Groups compared
9. .
(H igh c h a lle n g e  c o n t r o ls )  
and
1 0 . (Undosed haem oglobin  
c o n t r o l s )
P r o b a b i l i ty  t h a t  mean 
d i f f e r e n c e  I s  due to 
ch an ce .
p < .05
9* (Hi#% challenge c o n t r o ls )  
and ^
2. (4 0 ,OOOr. GtlO)
PC# 24
9. (High c h a lle n g e  c o n t r o ls )  
and
6, (60,OOOr. GXIO) p<(»10
1 0 . (undosed haem oglobin  
c o n t r o l )  and 
2 . (4 0 ,OOOr.GXIO) p <.40
10 . (undosed haemoglobin c o n t ro ls )  
and
6. (60,OOOr. QXIO) P <
*The B e sse l c o r r e c t io n  f o r  sm a ll 
sam ple b ia s  was a p p lie d  in th e  
c a lc u la t io n  o f  *t*.
202.
Ta b le  1 4 . I n d iv id u a l  and mean d i f f e r e n c e s  i n
haem oglobin  l e v e l s  o f  v a c c in e  group 4 , 
c h a lle n g e  group 8 and undo seel haem oglobin  
c o n t r o l  group 10 , from th e  tim e o f  
c h a lle n g e  (Day 60) to  th e  tim e o f k i l l , ( D a y  1 0 0 ).
Group Mo. 
aixd
Haemoglobin l e v e l  
i n  gms/100 m l. on
Haemoglobin l e v e l  
in  gms/100 m l. on D iffe re n c e
d e s c r ip t io n  Day 57 Day 99
44t-
(4 0 ,OOOr. Siem ens)
1 1 0 .8 1 0 .5 -0 /3
2 1 0 .6  . 11 .3 + 0 .7
3 10 .3 1 0 .8 + 0 .5
' 4 1 0 .9 1 2 .2 +1.3
5 9 .9 9 .0 - 0 .9
Mean 1 0 .5 0 Moan 1 0 .76 . Mean+0.26 +
8*
(low  ohai; 
c o n t ro ls )
10*
(Uiidosed 
haem oglobin 
c o n t r o l s )
>
1
'
12.0
•
9.1 -2.9
2 1 2 .0 9.0 - 3 .0
3 1 1 .2 10*5 —0*6
4 1 1 .2 5*1 -6*1
5 • 1 1 ,2 -1.3
Mean 1 1 .5 2 Mean 8*74 Mean 2.78 + 2*38
1
'
11.2
'
1 1 .8 +0*6
2 1 1 .5 1 1 .6 + 0 .1
3 10é9 1 1 .5 +0.6
4 1 0 .5 ' 1 1 .5 + 1 .0
5 - 0 .2
Mean ' 1 1 .2 0 Mean 1 1 .6 2  Mean +0.42  + 0 .4 2
* IP < .0 5  f o r  th e  ’ f  t # s t  com parison  o f  th e  mean 
d i f f e r e n c e s  i n  haem oglobin l e v e l s  o f  g roups 4. and 
0 ,  and s im i l a r ly  p < .0 5  f o r  g roups 8 and 10 .
203.
W fiO O  N O R M A L  OR V A R IO U S LY  IR R A D IA  T E D  LA R V A E IN A C T IV A T IO N  K IL L
13
12
, $  1 0 -
G R O U P S  8 ,9  a n d  W  (U N D O S E D :-  H A E M O G L O B IN  CO NTR OL ) 
GRO UPS 5 a n d 6 ( G X 1 0  6 0 , 0 0 0 r  )
G RO U P S  3 a n d 4 ( S I E M E N S  4 0 f i 0 0 r . )  
\  G RO UPS l a n d 2  (G X IO  4 0 , 0 0 0 r . )
G R O U P  7 ( l a r v a l  C O N T R O L )
0 1 3 5  7 9 U ' 13 IS 17 19 21 23 25 27 29 30
DAY O F  E X P E R IM E N T
Graph 1w If  dm: j*  ■ ii jm* Haemoglobin l e v e l s  i n  Gms* p e r  100 m l, o f  g roups 8 -9 -1 0  compared to  g roups 
1 -2 , 3 -4 , 5-6 and 7 , from  th e  tim e o f  
v a c c in a t io n  to  th e  i n a c t i v a t io n  k i l l .
204.
V ACCINA T IO N C H A L L E N G E
I g
12-
1 1
Q 10
a
9'
G R O U P  2  ( G X I O  4 0 , 0 0 0 )
G R O U P  6  (G X  10 6 0 , 0 0 0 )
•G RO UP 9  (H IG H  C H A L L E N G E  C O N  TRO L ) 
- 6 R 0 U P 1 0 ( H A E M O G L O B IN  C O N T R O L )
/ ]
one control died
6  8 10 
W E E K  O F  E X P E R IM E N T
12 14
Graph 2 . Haemoglobin l e v e l s  i n  Gms. p e r  100 ml* 
o f  g roups 2 , 6 , 9 and 10 o v e r  th e  whole 
e x p e rim e n t•
205.
V A C C IN A T IO N C H A L L E N G E
1 1 -
G ROUP 4  (S IE M E N S  4 0 ,0 0 0 )
G RO UP 8  (L O W  CHAL L E N G E  CO N TROL )
■GROUP 10  (H A E M O G L O B IN  C O N  TROL )
W E E K  O F  E X P E R IM E N T
Haemoglobin l e v e l s  i n  Qms. p e r  100 m l. 
o f  g ro u p s 4 , 8 and 10 o v er th e  whole 
ex p e rim en t.
206.
Expe r im e n t  1 5 . S in g le  and do u b le  v a c c in a t io n  o f  sh e e n .
with two grades of larvfü, number nèr v a c e in e  
d03e_t.. against & .low_.(lQ. 000 larvae ) and a 
_Mg*L i.5P., QQÜ_larvaei challenge_of Jiagiaonchus
c o n to r tu s .
In  ex p erim en t 1 3 , doub le  v a c c in a t io n  o f  sheep  c o n fe r re d  a 
h ig h  d eg ree  o f  r e s i s t a n c e  to  each  o f  th e  two c h a lle n g e  l e v e l s  o f
10,000 and 50 ,000  la r v a e  r e s p e c t iv e ly .  The number o f  i r r a d i a t e d  
la rv a e  p e r  v a c c in e  dose had  been chosen  a s  1 0 ,0 0 0 . I t  was now 
th o u g h t d e s i r a b le  to  in v e s t i g a t e  w hether ad e q u a te  p r o te c t io n  cou ld  
be produced  w ith  sma3-ler nwûbere o f  la rv a e  s in c e ,  sh o u ld  such  a  
v a c c in e  become a  coram ercial p o s s i b i l i t y ,  i t  would be im p o r ta n t 
to  av o id  l a r v a l  w astage i f  h a l f  o r  a  q u a r te r  o f  th e  o r i g i n a l  number 
would s u f f i c e .  Hence an ex p erim en t was s e t  up to  t e s t  th e  v a r ia b le s  
o f  number o f  l a r v a e  p e r  d o se , one and two d o se s , mid low  and h ig h  
(10 ,000  and 50 ,000 ) l a r v a l  ch a lle n g e ?  i . e .  t h i s  ex p erim en t was 
d es ig n ed  to  d o v e ta i l  experim en t 1 3 , tbarefox^e c lo s e  coxrUlnuity was 
observed  p a r t i c u l a r l y  re g a i 'd ln g  age o f  lam bs, v a c c in e  -  c h a lle n g e  « 
k i l l  i n t e x v a l s ,  i r r a d i a t i o n  dosage and r a t e ,  and b o th  c h a lle n g e  
le v e ls »
M a te r ia ls  and M ethods.
As s t a t e d  above , t h i s  and th e  p re v io u s  ex p erim en t r a n  s im u lta n eo u s ly  
on worm ^free lam bs from  a  common b a tc h , w ith  la r v a e  from  a  coinraon 
h a r v e s t ,  i r r a d i a t e d  where a p p ro p r ia te  a t  th e  same t im e . The same 
g ro u p s , BUtBbere 8 ,9  and 10 , s e rv e d  a s  10 ,000  la rv a o  c h a lle n g e  
c o n t r o l s ,  50 ,000  c h a lle n g e  c o n t r o ls  and u n tr e a te d  haem oglobin  
c o n t r o l s ,  r e s p e c t iv e ly ,  f o r  th e  two o x p e rim e n ts .
2 0 7 .
The p a r a s i t o lo g i c a l  and h ae ra a to lo g ic a l te c h n iq u e s  were th e  
same a s  hefox^e, as was th e  method o f  i r r a d i a t i o n ,  ex cep t t h a t  
o n ly  one l e v e l  -  10 ,000 ro e n tg e n s  -  was u se d , t h i s  b e in g  a p p lie d  
a t  the u s u a l  r a t e  o f  186 ro e n tg e n s  p e r  o iin u te , u s in g  the 0X10 
m achine.'
E xperim enta l  pro c e d u re .
The lam bs to  be v a c c in a te d  were a l l o t t e d  to  e ig h t  groups 
o f  f iv e  each , numbered 11 to  18 . On day 0 th e  lam bs in groups 
11 to  14 re c e iv e d  2 ,500  X - i r r a d ia te d  la rv a e  and th o s e  in groups 
15 to  IS  re c e iv e d  5 ,000  X -ix^rad iated  la r v a e .  (The la rv f i l  c o n t ro ls  
f o r  this b a tc h  o f  v a c c in e  were th e  laxabs o f  group 7, d e s c r ib e d  
in  th e  p re v io u s  e x p e rim e n t.)
On day 3 0 , f o u r  o f  th e  g roups were r e - v a c c in a te d  a s  f o l lo w s t -  
Groups 13 £uid 14 re c e iv e d  a  second dose o f  2 ,500  X - i r r a d ia te d  
l a r v a e ,  and g roups 17 and 18 a  second dose o f  5^000. T h is b a tc h  
o f  v ac c in e  v^as n o t  s t r i c t l y  c o n t r o l le d  by d o s in g  and k i l l i n g  
a  group o f  sam e-h arv ee t norm al la x v a l  c o n t r o l s ,  b u t f iv e  cu3,ture 
XarfbOj, dosed w ith  norm al l a r v a e  from t h i s  b a tc h , p roduced th e  
expected  t o t a l  f a e c a l  egg o u tp u t .
On day 60 , a l l  th e  v a c c in a te s  were c h a lle n g e d  w ith  norma3. 
infective la rv a e  ; lam bs in  g roups 11 , 1 3  ^ 15 and 17 re c e iv e d  10 ,000  
each and th o se  i n  g roups 1 2 , 14 , 16 and IB each re c e iv e d  50,000 
larvae. As s t a t e d ,  t h i s  and th e  p re v io u s  experim en t sh a red  common 
c o n tro l  g ro u p s , two o f  which -  numbers 8 and 9 ** re c e iv e d  on day 
60 10 ,000  and 50 ,000  norm al l a r v a e ,  r e s p e c t iv e ly ,  f o r  them to  a c t  
ae  c o n t ro ls  f o r  th e  two l e v e l s  o f  th e  challenge i n f e c t i o n .
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A t h i r d  g ro u p , number 3.0, r e c e iv e d  no la rv a e  th ro u g h o u t th e  
experim en t and se rv e d  to  c o n t ro l  th e  haem oglobin r e s u l t s .
A ll sheep were fao ees-eam p led  f o r  e g g -c o u n tin g  r e g u la r ly  
th ro u g h o u t th e  experim ent»  All sheep were b lood -sam pled  on days 
- 6 ,  1 and 8 ( to  e s t a b l i s h  a  b a s e l in e )  and t h e r e a f t e r  a t  i n t e r v a l s  
o f  two w eeks, th e  l a s t  sam ples b e in g  o b ta in e d  on th e  day p r io r  
to  th e  f i n a l  k i l l .
A ll v a c c in a te d  and c o n t ro l  g roups were k i l l e d  on day 100 and 
th e  worms p re s e n t  i n  t h e i r  abomasa were co u n ted .
The d e s ig n  o f  th e  ex perim en t i s  summ arised i n  T ab le 1»
R e s u l t s .
P a r a s i t o lo g i c a l .  T ab les  2 to  5 show th e  peak egg co u n ts  
b e fo re  and a f t e r  v a c c in a t io n ,  and a f t e r  c h a lle n g e , to g e th e r  w ith  
th e  abom asal worm b u rd en s . None o f  th e  3.ambs had p o s i t iv e  fa ,ec a l 
egg co u n ts  b e fo re  v a c c in a t io n ;  a f t e r  v a c c in a t io n  s ix  g roups c o n ta in e d  
HcM aster p o s i t iv e  in d iv id u a ls  b u t none w ith  co u n ts  above 50 eggs 
p e r  gram; th e  p o s t- c h a l le n g e  egg co u n ts  m o stly  app rox im ated  to  
th e  worm c o u n ts . The m ain c h a r a c t e r i s t i c  o f  th e  v a c c in a te d  g roups 
was th e  marked v a r i a t i o n  i n  worm co u n ts  w ith in  each  g roup ; t h i s  
ten d en cy  seemed to  be more exaggerated i n  th e  h ig h  c h a lle n g e  g roups 
( in c lu d in g  th e  c o n t r o l ) .  T h is  in tr a -g ro iip  d i s p a r i t y ,  to g e th e r  w ith  
th e  sm all numbers o f  lam bs in  th e  g ro u p s, p re c lu d e s  th e  e f f e c t iv e n e s s  
o f  analysing the worm co u n ts  s t a t i s t i c a l l y .
H acm ato lo g ica l. T ab les 6 to  9 l i s t  th e  drop i n  haem oglobin
Of* vrJa ipm M  w  «=»
l e v e l s  o f  th e  v a r io u s  g roups o v e r  th e  40 days betw een c h a lle n g e  and 
f i n a l  k i l l .
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The T ab les  a ls o  In c lu d e  th e  worm co u n ts  f o r  r e f e r e n c e .  T ab les  
10 and 11 l i s t  th e  r e s u l t s  o f  applying S tu d e n t’ s  *t* test to  th e  
group r e s u l t s .  Graphs 1 to  4 i l l u s t r a t e  th e  mean haem oglobin 
l e v e l s  o v e r  th e  whole ex p e rim en t,
DISCUSSION.
T hree m ethods o f  e v a lu a t in g  th e  r e s u l t s  o f  t h i s  exp erim en t
are;™
(a )  S t a t i s t i c a l  com parison o f  th e  group mean worm 
co u n ts  w ith  th e  a p p ro p r ia te  c o n t r o ls .
(b ) B inii,lar com parisons o f  th e  group mean drop i n  
haem oglobin  v a lu e s  betw een th e  tim e s  o f  c h a lle n g e  
Im d  k i l l .
( c )  S e m i-o b je c tiv e  a ssessm en t o f  th e  ’num bers p ro te c te d *  
w ith in  each group on th e  b a s i s  o f ,  f o r  exam ple, f i n a l  
worm c o u n ts ; i . e .  h av in g  s e t  a  somewhat a r b i t r a r y  worm 
coun t a s  th e  l e v e l  below w hich lam bs may be c o n s id e re d  
’p ro te c te d * .
Method (a )  can be d is c a rd e d  due to  th e  d i s p a r i t y  i n  worm numbers 
s t a t e d  above ,, and method (b ) i s  in v a l id  l a r g e ly  f o r  th e  same re a s o n .
The h is to g ra m  ( f i g .  1) in d ic a t e s  t h a t  th e  c h a lle n g e d  v a c c in a te s  
may be c o n s id e re d  to  be a  b i-m o d al p o p u la tio n  and t h i s  in c re a s e s  th e  
v a l i d i t y  o f  a t t r i b u t e  sam pling  on th e  b a s is  o f  th e  lambs* b e in g  
'p ro te c te d *  o r  *not p ro te c te d * ,  from  f i g .  1 , I t  seems re a so n a b le  to  
e s tim a te  t h a t  th e  ’p ro te c te d *  l e v e l  l i e s  i n  th e  ran g e  1 ,0 0 0  to
2 ,000  worms; a c c o rd in g ly , 1 ,0 0 0  worms was chosen a s  th e  l e v e l  above 
which lam bs were n o t c o n s id e re d  to  have g a in ed  p r o te c t io n  by u se  o f  
th e  v a c c in e .
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(N .B . I t  was, o f  c o u rs e , c o n s id e re d  th a t  th e 'b i -m o d a li ty *  m ight 
m erely  have been  a  r e f l e c t i o n  o f  th e  u se  o f  2 c h a lle n g e  l e v e l s .  
T h e re fo re , i n  f i g .  1 ,  th e  h ig h e r  c h a lle n g e d  in d iv id u a ls  a re  
re p re s e n te d  by th e  e ro ss -h a tch e c i a r e a s ;  i t  s t i l l  a p p e a rs  
re a s o n a b le  to  suppose b i-m o d a li ty  f o r  each  c h a lle n g e  l e v e l . )
T ab les  12 and 13 l i s t  th e  numbers o f  lam bs i n  each group which 
gave ev id en ce  o f  p r o te c t io n ;  i n  T able 1 2 , th e  lam bs a r e  c o n s id e re d  
on a  s in g le  o r  doub le  v ac c in e  b a s i s  and in  T able 1*3, th e  b a s i s  o f  
com parison  i s  th e  c h a lle n g e  l e v e l  -  i . e .  # i e th e r  i t  was 50,000 o r
10 ,000  la r v a e .  I t  i s  e v id e n t t h a t  doub le  v a c c in a t io n  h a s  conveyed 
no advan tage  o v e r  s in g le  v a c c in a t io n  in  th e  e x p e rim e n ta l system  
u se d , and th e r e  a p p e a rs  to  be l i t t l e  d i f f e r e n c e  between th e  two 
c h a lle n g e  l e v e l s .  1 0 ,0 0 0  la rv a e  i s  an  e a s i e r  c h a lle n g e  to  
e v a lu a te ,  h av in g  a  s ta ild a rd  d e v ia t io n  o f  + 1691 on a  mean o f  3 ,5 0 0 , 
compared to  j; 4709 on a  mean o f  4410 f o r  th e  50,000 c o n t r o l s .  I t  
i s  p o s s ib le  t h a t  th e  h ig h e r  c h a lle n g e  was p a r t i a l l y  i n h i b i t i n g  i t s e l f  
th ro u g h  f a c t o r s  n o t d i r e c t l y  connected  w iiii th e  immune s t a tu e  o f  th e  
h o s ts ,  a lth o u g h  i n h ib i t e d  la rv a e  were n o t re c o rd ed  d u r in g  th e  worm 
co u n ts  on h ig h -c h a lle n g e  lam bs.
However, o f  th e  40 lam bs v a r io u s ly  v a c c in a te d  end c h a lle n g e d ,
26 can  be c o n s id e re d  ’p ro te c te d *  ( t a b le s  12 and 13) compared to  th e  
10 c o n t r o l s ,  7 o f  which had worm bu rd en s o v er 2 ,500  and one o f  which 
d ie d  from  i t s  c h a lle n g e  i n f e c t io n .  Thus, th e  v a c c in e  may be 
c o n s id e re d  to  have c o n fe r re d  a  p r o te c t io n  which was read ., b u t 
q u a n t i t a t i v e ly  m arg in a l and i t  would ap p ea r t h a t  2 do ses o f  3.0,000 
i r r a d i a t e d  l a r v a e ,  as t e s t e d  i n  experim en t 1 3 , do form  th e  minimim 
b a s is  f o r  ad eq u a te  im m un isa tion  a g a in s t  H. c o n to r tu s .
I
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. I t  seems v a l id  to  compere E xperim ent 13 w ith  th e  p r e s e n t  
one (15) a s  th e  l a t t e r  was d es ig n ed  to  complement i t  a s  c lo s e ly  
a s  p o s s ib le ,  à s  was m entioned  above. R easonab le  parity^  of c h a lle n g e  
was ach iev ed  betw een Experiments * 13 and 15 and s t a t i s t i c a l l y  th e re  
i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een e i t h e r  th e  two 1 0 ,000  c h a lle n g e  
c o n t ro l  g roups o r  th e  two 50,000 c h a lle n g e  c o n t r o ls  (p < 0 .1  and 
p < 0 .4  r e s p e c t iv e ly ) .
There was a ls o  no s t a t i s t i c a l  d i f f e r e n c e  i n  worm co im ts  o r  
haem oglobin d ro p s  betw een th e  i n a c t i v a t io n  c o n t r o ls  (g roup  7) o f  
E xperim ent 14 lUid th e  comp a ra b le  c h a lle n g e  c o n t r o ls  ( group 8) o f  th e  
p re s e n t  ex p e rim en t, ( p < 0 .2  f o r  worm co u n ts  and p < 0 .8  f o r  haem oglobin 
d ro p s ) .
, R egard ing  th e  haem oglobin  r e s u l t s ,  th e  q u e s t io n  o f  p o s s ib le  
p a th o g en ic  e f f e c t s  o f  th e  v a c c in e  was s p e c i f i c a l l y  in v e s t ig a te d  in  
experim en t 14* In  th e  p re s e n t  ex p e rim en t, th e  mean haem oglobin 
l e v e l s  o f  a l l  th e  v a c c in a te  g roups dropped by ap p ro x im a te ly  1 to  2 gms. 
i n  th e  f i r s t  th r e e  weeks a f t e r  v a c c in a t io n  (G rap h s .1 to  4)* The 
c o n t ro l  haem oglobins a ls o  dropped o v er t h i s  p e r io d , though  to  a  
l e s s e r  d e g re e , and i t  i s  p ro b ab le  t h a t  th e  v a c c in e  was r e s p o n s ib le  
f o r  a  p ro p o r t io n  o f  th e  drop  among th e  fo rm e r. As can. be seen  from  
g rap h s 1 to  4 , o n ly  one v a c c in a te d  group -  th e  5 ,000  la r v a e  s in g le  
dose -  dropped below  10 grams o f  haem oglobin  b e fo re  c h a lle n g e , on 
one o c c a s io n  when i t  rea c h ed  9*9 grams fo u r  weeks a f t q r  v a c c in a t io n .
The r e s u l t s ,  o f  a p p ly in g  th e  *t* t e s t  to  th e  compared mean 
haem oglobin v a lu e s  a f t e r  c h a lle n g e  o f  th e  v a c c in a te d  g ro u p s and 
t h e i r  a p p ro p r ia te  c o n t r o ls  a r e  shown in  T ab les  10 and 11 .
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I t  can  be seen  t h a t ,  a l th o u g h  b o th  c h a lle n g e  c o n t r o ls  d i f f e r e d  
'p ro b a b ly  s ig n i f i c a n t ly *  (p < .Ü 5) from th e  n o n - p a r a s i t i s e d  
haem oglobin  c o n t r o l s ,  th e  m a jo r i ty  o f  th e  v a c c in a te d  g ro u p s , 
d e s p i te  a l l  h av in g  f i n a l  means ap p ro x im a te ly  2 . h ig h e r  th a n
th e  chal3.enge c o n t r o l s ,  n e v e r th e le s s  d id  n o t d i f f e r  s i g n i f i c a n t l y  
from, them (o r  from  th e  haem oglobin  c o n t r o l s ) .
1A -4 \*.'X
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.Flan o f  experim en t 1 3 .K fT f: *- m.=4«â=A#K5Cw jcm&g w r, SWs:.--
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vaoo lin  
«*a"
doBags
"ilSLiinarA'C
DAY 0
'WV»44VÆ iCfSC
DAY ;»u
S.
DAY 60 DAli
lOf
5 lO^OOOn,
larvao
k i l l e d
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larvae ki '11 i’*pf> rÎM» V
9 <3 50,000n. 
l a i ’vae k i l l c
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40 ,000
18
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l o t  doGe 
v a c c in e
l e t  d08 
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1 s t  dOGO
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l a t  done
v a c c in e
l a t  doBC 
v a c c in e
1 s t  doae 
v acc in e
let done 
v ac c in e
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la rv a e
DO.OOOn.
2ml do80 lü,0()0nê 
vaccine larvao
2nd done 5 0 ,0 0 0 a .
vaccine larvae
10,000n,
larvao
larvae
2nd doee 10,000%, 
vacoinc larvae
2nd done 50,000%. 
vaccine larvae
kills
larvae killG
k i l l e
kille
kille
50,000m. k l l l e
kllle
k l l l e
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gab le_^ , Xvesultn o f  faeeaX  egg co u n ts  b e fo re  v a c c in a t io n ,
and b e fo re  and a f t e r  c h a lle n g e  i f i th  1 0 ,000  la r v a e ,  
to g e th e r  w ith  abom asal worm b u rd e n s , o f  g roups 11 , 
13 and 8 .
fTSkesr-iearScrï-eAiii-ArrcsaTTAiiurfVO-Tl^
Group No.; Max. MSG, Peak McMaster McMaater egg Abomasa!
and f lo ta t io n * '’ egg count co u n t a f t e r worm
d e s c r ip t io n egg coun t b e fo re c h a lle n g e c o u n t.
b e fo re c h a lle n g e
v a o c ln a t-
1 1 ,S in g le 1 -v e “Ve 50 0
2 ,500 2 -v e -v e -v e 0
3 -v e 20 100 0
4 -v e *-ve 1,G00 600
5 -v e -v e 600 . 680
1 3 ^Double 1 -v e -v e - v e . 20
2 ,500 2 «ve -v e 150 100
3 -v e -v e 1 ,8 0 0 440
4 ”Ve -v e 5 ,100 1 ,900
5 «ve. -VO 14 ,150 2 ,440
: 8 . *10W 1 M 3 ,4 5 0 820
c h a lle n g e  * 2 - 1 2 ,500 2,680
c o n tro lo 3 « — 7 ,2 0 0 3 ,4 0 0
4 . « , 34 ,650 5 ,140
5 Ksa 14 ,350 5 ,440
2 1 5 .
T able H esu lto  o f  f a e c a l  egg com ité  b e fo re  v a c c in a t io n ,  
and b e fo re  and a f t e r  c h a lle n g e  w ith  50 ,000  la r v a e ,  
to g e th e r  w ith  abosiaeal worm burdenep o f  groupa 12 , 
14 and 9-
rri-^*rry «vsr'.ïsjcsü wAKSKawUMLwwk..
Group No.
and
d e s c r ip t io n
Max. MSG. 
f l o t a t i o n  
egg coun t 
b e fo re  ^  
v ao c in sit •
<? r'*asï«,*n
12. S in g le  
p n
0
4
5
$ .tstll2±3 C-t^ Sfr? > * r:%*
14 . Double 1
=ve
•ve
»ve
-ve
’Ve
•ve
Peak McMastor 
egg coun t
b e fo re
c h a lle n g e
«ve
50
--ve
-v e
™VC
McMaster egg' 
coun t a f t e r  
c h a lle n g e
Abomaaal
worm
count
s. : ïÆ^üü..-* v - t
—ve
«*v©
950
*«ve
12 ,600
20
60
160
960
7 ,360
a J M ^ T T A . v v O ' " f f  '  <iniii
«ve *ve 0
2 ,350
10,100
1 6 ,500
c h a lle n g e  ’ 2 
c o n t r o l  3
1,580
2,740
4 ,340
1 3 ,390
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Re s il l  t  s  o f  f a e c a l  egg co u n ts  b e fo re  v a c c in a t io n ,
' and b e fo re  and a f t e r  c h a lle n g e  w ith  1 0 ,000  la r v a e ,  
to g e th e r  w ith  abom asal worm b u rd en s , o f  g ro an s  15 , 
17 and 8 .
fcfï.B:<ïfW-srw^ rT'':
 -- ---- r-~rm>i-r-r>- mii 'I'l t—i—irf—rf—r-r'T < ■• ■fn y irt.ii—iiw mni n—n-r>*pirw.»i m.n i ._■_ n:.i
Group No.
and ' 
d e s c r ip t io n
ZMBQ. 
f l o t a t i o n  
egg count 
b e fo re  -  
v a c c in a t .
peak  McMaster 
egg co u n t 
b e fo re  
c h a lle n g e
H c fe s te r  egg 
co u n t a f t e r  
c h a lle n g e
Abomasal 
worm 
c o u n t.
15o S in g le  
5 .000
1 7 « Double
5.000
1 *«*ve 50 200 440
*ve —ve 750 1 ,0 0 0
3" ™VÔ -v e 5,000 1 ,8 4 0
4 . -v e “ VO 100 2,000
5 «»ve ’™ve 2 2 .7 0 0 6 ,000
1 --ve 50 3Q0 , 40
2 “*ve 20 100: . 60
3 *“VS ' *-ve 250 300
4 -v e ' «ve - 4 ,9001 1 ,300
5 «"Ve 50 9,700 3 ,720
’^Wrffî^y.acïKrKK’A.taiiïW'ta.'v'j ü^ xwccwe»'
8 . *low 1 ' • w *-ve 3ÿ450 820
chaJ.l enge ’ 2 «»■ —ve 1 2 ,500 2,680
c o n tro l 3 -v a 7 ,2 0 0 3 ,4 0 0
4 « -v a 3 4 ,650 5,140
5 « «ve 14 ,350 5,440
T able 3 .
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R e s u l ts  o f  f a e c a l  egg co u n ts  b e fo re  v a c c in a t io n ,  
and b e fo re  and a f t e r  c h a lle n g e  w ith  5 0 .0 0 0  la rv a e  
to g e th e r  w ith  abom asal worm burdens o f  g roups 16 , 
18 and 9*
0-roup Rp, 
and 
d e s c r ip t io n
Max.ZNSOj
f l o t a t i o n  
egg coun t 
b e fo re  
v a c c in a t .
Peak M cfc s te r  
egg coun t 
b e fo re  
cliajl-lenge
McMaster egg 
coun t a f t e r
o enfj'
Abomasal
worm
count
&T:A:^&i.^«:crri*ifaLAa*a% raaM R:rHKU#% a* • WK'»C5.‘ir>Oi^^‘3 ry rt iDTa6as»iirsi(^iew»efc«jfti±sre,»aMT4tiirjL'".
S in g le  1 *ve -v e *'Ve 40
1,00.0 .2 —ve ■ 50 ‘"’V© 500
3 -v e -v e 600 860
4 -v© «V0 14 ,350 4,920
5 -v e —ve ' 11 ,750 5 ,600
18. Double 3. ™*V© 50 "V© -• 0
5 ,000  . 2 -v e «“Ve 50 ' 0
3 “Ve ■ 20 20 40
4 -v e ' -v e 1 ,550 560
5 “VG -v e  5 ,000  2 ,180
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9u ‘High 1 ' -v e 100 0
c h a l le n g e ' 2 >*» «•ve 9 ,4 5 0 1 ,5 8 0
c o n tro l 3 ; -v e 1 7 ,250 2 ,740
4 « « ™ve 2,750 4 ,340
5 -VG 12 ,650 13,390
T able 6 .
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Ind iv idual!;, and mean d i f f e r e n c e s  i n  haem oglobin  
l e v e l s  o f  g roups 1 0 ,1 1 ,1 3  and 8 from  th e  day (59) 
b e fo re  c h a lle n g e  w ith  10 ,000  la rv a e  to  th e  day (99) 
b e fo re  f i n a l  k i l l ;  to g e th e r  w ith  abom asal worm 
b u rd e n s ,
Group No.
and
d e s c r ip t io n
Haemoglobin 
l e v e l  i n  
gm s/100 m l.
Haemoglobin 
l e v e l  i n  
gms/lOO m l. D if fe re n c e
Abomasal
worm
b u rd en .
on Day 59 on Day 99.
10; Unclosed 1 1122 1 1 .8 fO .6
’haem oglobin 2 ll% 5 1 1 .6 + 0 .1
c o n t ro l  * 3 1 0 .9 1 1 .5 + 0 .6
4 1 0 .5 1 1 .5 t&oO
5 1 1 .9 1 1 .7 « 0 .2
#»4raGpeaiwwer» ee ee ew sew e
Mean 1 1 .2 0 1 1 .6 2 +0* 42'
0 . 4 2
l i é  Sing: 
2,500
l à
2,500
Î 1 1 0 .5 1 1 .5 + 0 .1 0
2 1 1 .8 1 1 .8 0.0 0
3 1 1 .6 12.1 +0.5 0
4 10.3 1 0 .4 , +0.1 600
5 9 .6 1 0 .9 + 1.3  ■■"■■ 680
Mean 1 0 /76 l i . 3 4 +5TW8+ 256
0 .5 1 "  ;
e 1 11.5 1 3 .5 +2.0 20
2 1 0 .9 10.6 -0.3 100
3 11.1 1 1 .2 + 0 .1 440
4 1 1 .5 1 0 .6 -0.9 ' 1 ,9 0 0
5 1 0 .5 1 0 .4 —0 .1 2 ,440
eti
Mean . ÏIT ÎO H 7 2 6 +0UL6+ ~ 9 8 Ü
0 .9 8
8 . Mow 1 1 1 .2 1 0 .6 —0 .6 820
c h a lle n g e  * 2 12.0 9 .1 —2 .9 2 ,680
c o n t ro l  3 1 1 .2 9 .9 -1.3 3 ,400
4 1 1 .2 5 .1 - 6 .1 5,140
5 12.0 9.0 . "3.0 5 ,440
îîean 1 1 .5 2 "§774 -2 .7 8 + 3,500
2.40
UVMC^TjAaHAlKHH
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T ab l^ % . In d iv id u a l, and mean d i f f e r e n c e s  i n  haem oglobin  
l e v e l s  o f  g roups 10 , 12 , 14 and 9 from  
(59) b e fo re  c h a lle n g e  w ith  50 ,000 la rv a e  
th e  day (99) b e fo re  f i n a l  k i l l ,  to g e th e r  vrith  
abom asal worm b u rd en s .
to
Group kOo 
and
d e s c r ip t io n
Haemo g lo  b i n  Haemo g lo  b in  
l e v e l  i n  i.e v e l i n  
gm s/100 m l. gms/100 m l. 
on Bay 59 on Bay 99
D if fe re n c e
Abomasal 
worm burden
-ar ' - r" T r n in ~ t nnriTii rw~i i iiinn^ fij.ii iin r*# m n i
10 . Undo seel 1 ■ 1 1 .2 1 1 .8 + 0 .6
® Haerao g lo b in  2 1 1 .5 1 1 .6 + 0 .1
c o n t r o l * 3 1 0 .9 1 1 .5 -Vo. 6
■ 4 1 0 .5 1 1 ,5 -1-1.0
502a*-a.V.B*J=n I W ilil - 0 .2ifc-vt «TprïiïWi'a WIHVÎ»
Mean 1 1 .2 0 il. 62 +0.42+
4 . Doublep r;
9 . M ig h
challeng<
c o n t ro l
0>4
12 . S in g le  1 1 0 .0 1 0 .5 + 0 .5 , 20
2 ,500  2 1 1 .1 1 2 .3 . :r l  t> 2 60
3 1 0 .2 1 0 .9 + 0 .7 160
. 4 3.1 * 3. 1 2 .1 + 1 .0 960
9 .3‘ WsWAmWWSJS^C'*» 8 .7 ' ■ *''^ 0 e 6 2 j,iga
.Mean 1 0 .3 4 10 .90 +0* 56+ 1 ,7 1 2
.».tsTie>Aa«a«3WK>>W3Jast»»TT:.-Kr:c:î r
1 1 1 .4 ■11.7 +0.3 0
2 1 0 .6 1 2 .6 +'2 o 0 0
3 9 ,9 1 0 .6 + 0 .7 0
4 1 0 .2 8 .4 - 1 .8 3 ,0 0 0
„„JL. 1 1 .6#MWmL.MLw,w.UJ 9 .2*5CW«*^ TT«rt.»W*» TjJSO
Mean 1 0 .7 4 1 0 .5 0 "=•0 • 24+ 2,076
1 .3 1
■ci.î'tose-eniifflive^unTMc e^t^w,*
1 1 0 .9 1 0 .8 —L; o 1
1 2 1 2 .6 1 2 .0 - 0 .6
3 1 0 .3 5 .4 «4 # 9
4 1 0 .6 9 .4 *-1.2
1 1 .2 J i m 2 8 .2
Mean 1 1 .1 2 8 .1 2 -3 .0 +
2 ,99
• 0 
1 ,580  
2,740
4 ,340
13 ,390
4 ,410
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T ab le 8, In d iv id u a l  and mean d i f f e r e n c e s  i n  haem oglobin 
l e v e l s  o f  g roups 10 , 15? 17 and 8 from  th e  day 
(59) b e fo re  c h a lle n g e  w ith  3.0,000 larva©  to  th e  
day (99) o f  f i n a l  k i l l ,  to g e th e r  w ith  abom asal 
worm b u rd en s .
Group No.
and ' 
d e s c r ip t io n
Haemoglobin Haemoglobin 
l e v e l  i n  l e v e l  i n
gms/j-OO m l. gms/100 ml, 
on Day 59 on Bay 99
D iffe re n c e ^bom asalworm
burden
awec.»«%4=»FMtir5îwa»utiei*>5yi^vie*6iuaT.Z2eÊi.:i:vl.-»»jr.*n«etosiiL:*5;
10 o ITndosed 1 1 1 .2 1 1 .8 +0 o 6
 ^Haemoglobin 2 ,1 1 .5 1 1 .6 + 0 .1
co n tro l*  3 ;1 0 .9 1 1 .5 , + 0 ,6
4 1 0 .5 1 1 .5 + 0 .1
5«yv»rJ2t-,iiaeHi . 1 1 .7
Mean 1 1 .2 0 1 1 .6 2 + 0 .4  2+ 
'0.:42'"
1 5o S in g le  1 1 0 .8  . 11 .5 + 0 .7 440
5,000 2 1 0 .5 1 0 .9 +0.4 1 ,000
3 9 .8  . 1 0 .2 + 0 .4 1 ,840
4 1 0 .8 1 1 .5 + 0 .7 2 ,000
6 .8 zz!h.â 6.000
Mean 10 .34 10 .18 ■^'+3-, l6*h 2,256
1.42"^
17 . Double 1 1 0 .2  1 1 .2 ' + 1 .0 ■ 40
5 ,000  2 1 1 .2 1 2 .2 + 1.0 60
3 1 0 .5 1 1 .4 + 0.9 300
4 1 0 .2 10 .5 +0.3  - 1 ,  300
5*üï3»^s»:+iî=£3ea 1 2 .8t-^Cî«3€î=rî*5K» 1 0 .8 3 ,. 720
' Mean .10 .98 11 ,22 + 0.24  'Î' 1? 084
B • * Low 1 1 1 .2 1 0 .6 "'■U. 6 820
C hallenge * 2 1 2 .0 9 .1 . - 2 .9 2 ,680
c o n t ro l  3 1 1 .2 9 .9 - 1 .3 ; 3 ,400
4 1 1 .2 5 .1 - # .1 5 ,140
1 2 .0   ^»fca«8iUM^ MW A y l.O 5.440
Meaw, 1 1 .5 2 ■ 8 .7 4 -2 .7 8 + 3 ,500
^ .4 0
2 2 1 .
T able 9 In d iv id u a l  and mean d if f e r e n c e sJ i n  haem oglobin  
9 fro ia th e  dayl e v e l s  o f  g roups 10 , 16 , 18 and 
(59) b e fo re  c h a lle n g e  w ith  50,000 l a r v a e  to  th e  
day (99) o f  f i n a l  k i l l ,  to g e th e r  w ith  abom asal 
worm b u rd en s .
G-roup No. , 
and ' 
d e s c r ip t io n
Haemoglobin 
l e v e l  in  
gms/100 m l. 
on' Day 59
.TW»-n=sa^ «iM»^ 8Bcarat»?«?*eiiHiiWsw.e
Haemoglobin 
l e v e l  i n  
gms/100 m l. 
on Day 99 r
D if fe re n c e
Abomasal
worm
burden
10'. Unclosed 1 1 1 .2 11 . B +0.6
’Haemoglobin 2 1 1 .5 1 1 .6 . + 0 .1
c o n t r o l ’ 3 1 0 .9 1 1 .5 +0 0 6
4 1 0 .5 1 1 .5 . +loO
5i-3)*Sssa l i a m i
Mean 1 1 .20 1 1 ,6 2 -;-0#4'2
0 ;4 2
16 0 S in g l 0 1 1 2 .1 1 0 .9 "^ 3. ; 2 40
5 ,000 2 1 0 .6 11.1 , + 0,5 500
3 1 1 .4 11.4' 0 .0 860
4 1 0 .3 8.3 , “”2o ô 4 ,920
— 1 . 1 1 .2«Fa^-tf1ï3tC?e* - 2 .1 5 ,600
Moan 1 1 .1 2 1 0 .16 ^0 .96+ 2,384
' 1 . Ü!)'"
18 . Double 1 1 1 .5  1 1 .7 + 0 .2 0
5 ,000  . 2 1 0 .2 10.8, + 0 .6 0
3 1 0 .3 1 1 .5 'i'i a 2 40
4 1 1 .1 1 1 .6 + 0 .5 560
i g .o 10.0, 0 .0
Mean 1 0 .6 2 1 1 .1 2 +0 o. 5+ 556
• o.ÿG
•tv-î^ r » MK5ÜW3*Tf= ; i; V'jirtw»,. Mi*;s »a£*
9 . 'H igh
c h a lle n g e
c o n tro l
1 1 0 .9 1 0 .8 ■""O o 1 0
!* 2 1 2 .6 12.0. 9 0 . 6 1 ,580
. 3 1 0 .3 5 .4 —4 .9 2 ,740
4 1 0 .6 9 .4 ™1«2 4 ,340
5Æ itîu .'x j^ ^ v ïïr . 11 .<2nr» 3 .0 1 1 .1 2 0
Mean 1 1 .1 2 8 .1 2 «3.04' 4 , 4 1 0
• ■ 2.39
I .t KMA ?MK#***«WPaW?Km
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R e s u l ts  o f  ap p ly in g  S tu d e n t’s  * t * t e s t  
to  th e  group mean haem oglobin  d i f f e r e n c e s  
l i s t e d  In  t a b le s  6 and 8
Groups compared ■ P ro b a b i l i ty  t h a t  th e
\  haem oglobin  d i f f e r e n c e
betw een g roups i s  due 
■ to  ch an ce„
10» (unclosed ’haemoglobin*
' c o n t r o l ) ’and
' 8 . ( ’low ch a llen g e*  c o n t r o l )  p < .0 5
^iU">v-*«-*VT,*:r>-«yiJSAVj5tiTiSt;ee-iei3hcœ;»r^ia«risxV*WMtPL%»v.*s*t:TiTT3var-.3fc«sai?9iÿ-jsto.eisl»e«»*>e.iîfirti^ 4 W
I X .( s in g le  2 ,500 ) and •’ ■
,8» ( ’low  ch a llen g e*
c o n t ro l )  ' '  ^ - ■ p < t0 5
13 . (doub le  2,50,0) ,and 
,Oo(’low ch a llen g e*
c o n t r o l )  , . , P < .1 0
i h .  (slîi{;i.e 5 ,0 0 b ) .and
' 'p. - f n rn-T f'hnT Î * nnn8 o ( low c ;hallenge ’ c o n t ro l  ) • P= < • 10
17.0 (d o u b le  5,000), and
' '8. (low  ch a llen g e*  c o n t r o l )  p < .1 0
T ab le  11 R e s u lts  o f  ap p ly in g  S tu d e n t’s  ’t* 
t e a t  to  th e  group mean haem oglobin  
d i f f e r e n c e s  l i s t e d  i n  t a b le s  7 and 9
ÎI s5r7*t! k ■ i
wsaînMtriT»*
Groupe compared P r o b a b i l i ty  t h a t  th e  haemo g lo  b in  d if f e ro n c e  
betw een..g roups i s  due 
to  chance.
rst*pu?*.--,n *$«';?te .^wvsrete;t^TSf*s<?MOT3TDaa.xttaa.Twic,V|i
10. (unclosed haem oglobin  
c o n t r o l )  and 
9 . ( ’High ch a llen g e*  
c o n t ro l ) p < .05
*«,‘-^51 Milles «a**:' t*4Êec-r *'"4r ï j«  sta
1 2 . ( s in g le  2 ,500 ) and
9 b ( ’h ig h  c h a lle n g e  * 
c o n t r o l ) P < .0 5
14» (d o u b le  2 /500) and 
9 . (* High c h a lle n g e  * 
c o n t r o l ) p <«20
I'fi'i nui' I infc'1 rni I'" i"w>i»~n~rn i■ ~11 innT~~~iT 'iiVint~~r i~ri~i- > ~t—in-nr -n  t ii— rr~n~^i —i ~•»irimu ~i k r 'r— i r 111,»*' i"i#mr ',iin iw  '" t tuT' n" i ' -]i'u'"ii I'n ■!
16 . ( s in g le .  5 ,0 0 ) and 
9 .■ ( 'H igh  c h a lle n g e  
c o n t r o l )
18* (d o u b le  5 ,0 0 0 ) and 
9 * (* High c h a lle n g e  * c o n t r o l )
p < .2 5
■c^~œpmfsois.Vi
P < » 0 5
224 .
ï a b le  12 . Ooïïiparlson betw een s in g le  and doub le  v a c c in a t io n  
on an a t t r i b u t e  b a s i s  o f  th e  number o f  lam bs 
'p ro te c te d *  oi  ^ *not p ro te c te d * .
Bxp er;li'aent a l  
tre a tm e n t
eTO63t.-i»«WtiWK*WMWeiH
Group ho . *PROTEOTBD'
arid __
d e s c r ip t io n  0-99  worms 100-99W
worms
WWLH, I'fAW I III Iff-1 ■t'lijt J|| *
'NOT 
PHOSECTED»
1 ,0 0 0  and 
more worms
R a tio  o: 
p ro tec t<  
n o t -  
p ro te c ts
s in g le
v a c c in a t io n
and
c h a lle n g e
doub].e 
v a c c in a t io n  
a n d . 
c h a lle n g e
1 1 . s in g le  
2 ,500 ' 5 2 , , 0
1 2 . s in ^ i e  
2 ,500 2 2 1
1 5 . s in g le  
2 ,500 0 1 4
16 . s in g le  
5 ,000 1 2 ■ - , 2
15• doub le  
2 ,500 1 2 2
1 4 . d oub le  
2 ,500 3 G 2
1 7 . doub le  
5 ,000 2 1 2
18 . double 
5 ,000 3 1 1
1 5 :7
1 5 :7
norm al
la rv a e
8 « *low
c h a lle n g e  * 
c o n t ro l
9 . *HigiTL
c h a lle n g e  * 
c o n t r o l .
0
0
4
2:8
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T a b le  1 3 Com parison betw een low  (10 ,0 0 0 ) and h ig h  
(5 0 ,0 0 0 ) l e v e l s  o f  c h a lle n g e  on an  a t t r i b u t e  
b a s i s  o f  th e  number o f  lam bs "p ro tec ted *  o r  
"not p ro te c te d "
E x p érim en ta l Group Ko. •PROTECTED*
■ tre a tm e n t and - ■ __
d e s c r ip t io n  ‘ 0 -99  worms 100-999 1 ,0 0 0  and
worms more worms
aOT 
PROTEOTED" R a tio  o f
p r o te c te d :
n o t-p ro te e i
w  ■a«f *r.'Kjis4Tft«fcip«*f4J
11 . s in g le
2 ,500 3 2 0
s in g le  o r 13• d oub le
double ' 2 ,500 1 2 2'
v a c c in a t io n ; 1 5 . s in g le 1 2 :8
Low 5 ,000 0 ; X .4
c h a lle n g e 1 7 . d oub le
5 ,000 2 1 2
Wrv»r«6-"»rTO• * r ^ «m. w  W*l%. Xp, ■w .A , uijn j* m'ii va«.e-i-v, Vr-H Tjj; i •
Low 8* c o n t r o l 0 1 4 1 :4c h a lle n g e
1 2 . s in g le
. ■ ; 2 ,500 2 2 1
s in g le  o r 1 4 . doub le
doub le 2 ,500 3 0 2
v a c c in a t io n ; 16 . s in g le 1 4 :6
High 5 ,000 1 2 2
c h a lle n g e 1 8 . d oub le
5 ,000 3 1 1
jTMiiim WT.hT% ...=t'53ÿim.  ^. r —
High 9* c o n t r o l 1 0 4 1 :4
c h a lle n g e
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}sr VACcmnoN 2 N D . V A C C IN A TIO N C H A L L E N G E
13
13
O
11
10
 G R O U P  11 (S IN G L E  3 5 0 0 )
—  GRO UP 13  (D O U B L E  2 .5 0 0 )
9
■GROUP 8  (L O W  C HA LL E N G E  C O N TR O L )
■GROUP 10 (H A E M O G L O B IN  C O N T R O L  )
6
2 4 6 6
W E E K  O F  E X P E R IM E N T
10 12 14
Haemoglobin l e v e l s ,  i n  p e r  100 m l. ,
o f  g roups 8 , 10 , 11 and 33 o v e r th e  
i?ho3.e ex p e rim en t.
227.
îS r. VACCINATION 2 N D . VACCINATIO N CHALLENG E
1 3
12
11
W
GRO UP 12 (S IN G L E  2 5 0 0 )
-  G RO UP 14 (D O U B L E  2 5 0 0 )
9
■GROUP 9  (H IG H  C H A L L E N G E  C O N TR O L)
o n e  c o n t r o l  d ie d
■GROUP 10 (H A E M O G L O B IN  C O NTR O L)
8
4 6 8 1210 14
W E E K  O F  E X P E R IM E N T
Haemoglobin le v e ls ^  In  H-mB. p e r  100 rn3.,<*, 
o f  g ro iips 9 , 10 , 12 and 14 o v er th e  
whole experim ents
228.
'ST. VACcmnoN WD. VACC/NAT/ON '.HALLENG E
t
I
I
I
i G RO UP 15 (S IN G L E  5 0 0 0 )~  G R O U P  17 ( D O U B L E  5 ,0 0 0  )
'GROUP a  (L O W  C H A L L E N G E  C O N T R O L )
■GROUP 10 (H A E M O G L O B IN  C O N TR O L)
W E E K  O F  E X P E R IM E N T
Haem oglobin l e v e l s ,  i n  Gms.per 100 m l . ,  
o f  g roupe 8 , 10 , 15 and 17 o v e r th e  
n h o le  ex p e rim e n t.
229.
1ST VACCINATION 2ND. VACCINATION CHALLENGE
1 2 -
i  11-
g
I
I ' 0 -
Ï?
I
 GROUP 16 (SINGLE SpOO )
-  GROUP 18 (DOUBLE SflOO)
-GROUP 9(HIGH CHALLENGE CONTROL)
one control died
■GR0UP10 (HAEMOGLOBIN CON TROL 1
2 4 8 106 12 14
WEEK OF EXPERIMENT
Haem oglobin l e v e l s ,  i n  Gms. p a r  100 m l . , 
o f  g roups 9 , 10 , 16 and IB o v e r  th e  
whole ex p e rim en t.
N U M B E R  O F  L A M B S  H A V I N G  W O R M  C O U N T S  
I N  T H E  S T A T E D  C A T E G O R I E S
OD9>
Co
Co Co
1 i.ure 1 . H istogram  sh o v in g  numbers o i  I mîîI; 
d is t r ib u t e d  a c c o r d in g  to  f i v e  
o f  worm p o p u la t io n  m agn itu d e.
The i r r a d i a t i o n  metiiod o f  produoim g an a n t . i* -p a ra s i t i0 
vaoGlne was evolved on D. v lv in e r u a . a  - nematodo w ith  a systomlo 
m ig ra to ry  cyc le#  In  P a r t  IV a r e  d e s c r ib e d  <nspor:lm©nta In  cheep 
In  wlrlôh a  c i m l a r  ty p e  o f  v a o o ln a tln g  p ro ced u re  i s  a p p l ie d  to  
w hich im dergoea o n ly  a l im i te d  l o c a l  m ig ra t io n .
B:iper.ioent 12 . The i-ialn o b je c t  o f  th io  experim en t uaa to  c a l i b r a t e
*T3f î*W ^‘*wï» ijwe *5^ ^
th e  amount o f  X - l r r a d la t io n  r e q u ir e d  to  a p p .ro p r la te ly  i n a c t i v a t e  
th e  l a r v a e .  F ive  le v e l#  of. i r r a d i a t i o n  were u s e d , ra n g in g  from
10 .000  to  100 ,000 ro en tg e n s#  Each lamb was vaoo lnatecl once w ith
10 .000  la rv a e #  One month l a t e r ,  Iw abs from each  group  were k i l l e d  
to  d e te rm in e  th e  d eg ree  o f  in a c t iv a t io n #  I t  found t h a t ,  a s  
a p p l ie d  i n  th e  p r e s e n t  ex p e rim en t, 10 ,000  and 20 ,000  ro e n tg e n s  
p ro v id ed  too  l i t t l e  in a c t iv a t io n ',  and 100,000 to o  much. The 
rom alaiing v a c c in a te s  were e h a lle n g e d , to g e th e r  w ith  c o n t r o l s ,  and 
a l l  were k i l l e d  46 days l a t e r  f o r  worm c o u n tin g . The s e r v ie a b le  
l e v e l  o f  I r r a d i a t i o n ,  to  p ro v id e  b o th  i n a c t i v a t io n  miû im a im lsa tio m , 
la y  i n  th e  ran g e  40 ,000  to  60 ,000  roen tgeao .-
.Experiment 2.3* In  t h i s  t r i a l ,  two giT>ups o f  lam bs were v a c c in a te d
Iftiie,#!» «M  trw-«iÀ «II* •’MAIS» <|$X9
tw ic e , ( 10,000 l a r v a e ,  40,000 ro e n tg e n s ) , Two g ro u p s were used  In  
o rd e r  to  accommodate two c h a lle n g e  l e v e l s , a  lo w er one o f  10,0(X3 
la rv a e  to  p ro v id e  c o n t in u i ty  w ith  experim en t 1 2 , and a  h ig h e r  one
o f  50 ,000 la r v a e  to  s u b je c t  th e  v a c c in e  to  a  more r ig o ro u s  te s t#  
W ith in  th e  l im i t a t i o n s  o f  th e  ex p e rim en ta l system  used,, a  
d eg ree  o f  r e s i s t a n c e  was o b ta in ed *
‘ 2 3 2 .
E xperim ent 14* T hree m ain f a c t o r s  were in v e s t ig a te d ,  F i r s t ,  
a  b a tc h  o f  v a c c in e  was i r r a d i a t e d  w ith  40 ,000  ro e n tg e n s , b u t 
a t  th r e e  tim e s  th e  r a t e  p re v io u s ly  u s e d , F or I n a c t i v a t i o n ,  i t  
ap p ea red  to  c o rre sp o n d  to  60 ,000  ro e n tg e n s  a t  th e  s lo w e r r a t e .
Second, v a c c in a te d  lojnbs were in v e s t ig a te d  h a e m a to lo g ic a l ly  f o r  
p o s s ib le  p a th o g e n ic  e f f e c t s  o f  th e  v a c c in e . Such e f f e c t s  were 
n o t s i g n i f l e a n t  i n  th e  ’ slow* 60 ,000  and 'f a s t *  4 0 ,000  g ro u p a , 
and p ro b a b ly  s i g n i f i c a n t ,  b u t m a rg in a l , i n  th e  'slow * 40 ,000  g ro u p . 
T h ird , a  h ig h  c h a l le n g e ,  (5 0 ,0 0 0  l a r v a e ) ,  was g iv e n  to  tim  groups 
o f  lam bs v a c c in a te d  once w ith  1 0 ,0 0 0  la rv a e  ( i r r a d i a t e d  w ith
40 ,000  and 60 ,000  's lo w ' r o e n tg e n s ) .  T h is was to  complement 
ex p é rim en ta  12 and 1 5 , w hich d id  n o t In c lu d e  s in g le  v a c c in a t io n  
a g a in s t  h ig h  c h a l le n g e .  Eeven o f  th e  t e n  lam bs so c h a lle n g e d  
w ere c o n s id e re d  to  have been  p r o te c te d .  The b a s i s  o f  t h i s  
a sse ssm en t i s  d is c u s s e d .
E xperim ent 15- In  th e  th r e e  p re v io u s  e x p e rim e n ts , th e  v a c c in a t in g  
number o f  H. co n to r tu s  la r v a e  was c o n s ta n t  a t  10 ,000  p e r  d o se . The 
p r e s e n t  ex p erim en t was s e t  up to  in v e s t i g a t e  th e  e f f e c t s  o f  re d u c in g  
t h i s  number to  5 ,0 0 0  o r  2 ,5 0 0 , w ith  s in g le  o r  d o u b le  d o s in g , a g a in s t  
a  low  o r  h ig h  c h a l le n g e .  Of th e  40 v a c c in a te s  u n d e r  t r i a l ,  26 were 
c o n s id e re d  to  have been  p r o te c te d ,  w hereas seven  o f  te n  c o n t r o l s ,  
one o f  which d ie d ,  w ere s e v e re ly  in f e c te d .  However, i t  was conc luded  
t h a t  none o f  th e s e  v a c c in a t in g  reg im es were s u i t a b le  and t h a t  a  
minimum b a s i s  f o r  ad e q u a te  p r o te c t io n  would be two d o se s  o f  10 ,000  
i r r a d i a t e d  l a r v a e .
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Baermann. The method used  was th e  s ta n d a rd  one o f  
sp re a d in g  ap p ro x im a te ly  100 gms. o f  fa e c e s  on to  a  f i l t e r  
p ap e r and in v e r t i n g  t h i s  o v e r  a  n in e - in c h  c i r c l e  o f  copper 
gauge (o f  20 meshes p e r  l i n e a r  c e n tim e tre )*  The gauze 
r e s te d  bn th e  w a te r  s u r fa c e  o f  a  Baerinann funnel*  The 
a p p a ra tu s  was th e n  p la c ed  in  a  h e a te d  room, a t  ap p ro x im a te ly  
24^0*, f o r  12 h o u rs , a f t e r  which th e  bottom  30 ml* o f  w a te r 
were c o l le c te d  and examined f o r  sed im ented  l a r v a e .
As no r e f e r e n c e  cou ld  be r e a d i ly  found to  th e  s p e c i f i c  
s e n s i t i v i t y  o f  th e  Baermann method tow ards la rv a e  o f  
D* v iv ip a r u a . th e  fo llo w in g  b r i e f  t e s t  was ru n . A pproxim ately  
600 gms. o f  f a e c e s  were c o l le c te d  from  a  c u l tu r e  c a l f  and 
th o ro u g h ly  m ixed. F i f t y  s e p a r a te  McMaster e s t im a t io n s  were 
made on i t  i n  an a tte m p t to  px’o v id e  a  coun t o f  re a s o n a b le  
ac c u ra c y . The mean o f  th e s e ,  2^0 ^ 45 la rv a e  p e r  gram, was 
ta lien  a s  th e  l a r v a l  c o n te n t p e r  gram. The rem a in in g  f a e c e s  
were mixed w ith  a u to c la v e d  f a e c e s  from  a  n o n - in fe c te d  c a l f ,  f o r  
'b a l l a s t *  p u rp o se s , i n  th e  p ro p o r t io n s  g iv en  i n  T able 1 , to  
form  a  s e r i e s  o f  Baermanns.
2:^4
T able 1 . P ro p o r tio n s  o f  ' l a r v a l*  to  'b a l l a s t *  f a e c e s . 
w ith  th e  m m ber o f  la rv a e  e s tim a te d  to  be 
p re s e n t  i n  each  Baermann fu n n e l ,  to g e th e r  
w ith  th e  p e rc e n ta g e  re c o v e re d .
Larval, f a e c e s B a l la s t E stim a ted  iW nber 
number re c o v e re d  
o f  la rv a e
P e rcen tag e
reco v e re d
lOOG 25,000 13 ,500 54 .2
5oa 50G 12,500 6 ,450 51.6
25C~ 75G 6,250 3 .9 0 0 6 2 .4
12.5G 8 7 .5G 3,125 1 ,150 3 6 .7
6.25R 93.75G 1,560 850 54 .4
3.0G- 9 7 .OG 750 225 3 0 . 0
1.5G 9 8 .5G 375 100 26.6
.7 5 a 99 .250 190 75 3 9 .4
,5 a 9 9 .50 125 50 4 0 .0
.25G 99 .750 60 21 3 5 .0
. l a 9 9 .9 0 25 6 24 .0
The r e s u l t s  l i s t e d  i n  th e  t a b le  a re  f o r  Baermanns which 
were s e t  tip w ith  *oold* w a te r  a s  i t  came from  th e  ta p  a t  
a p p ro x im a te ly  12^0. However, a t  each  f a e c a l  w eig h t a  d u p l ic a te  
Baermann was s e t  u p , s im i la r  ex c ep t t h a t  th e  i n i t i a l  w a te r  
te m p e ra tu re  was 3 7 ^ 0 .,  i n  ca se  th e  h ig h e r  te m p e ra tu re  s t im u la te d  
l a r v a l  movement and p o s s ib ly  in c re a s e d  th e  c o l l e c t i o n .  In  f a c t ,  
t h i s  had no a p p a re n t e f f e c t  on th e  p e rc e n ta g e  re c o v e ry .
In  a n o th e r  s e r i e s  o f  Baerm anns, th e  a d d i t io n  o f  a  n o n - io n ic  
d e te rg e n t  to  th e  w a te r  made no a p p re c ia b le  d i f f e r e n c e ,  a lth o u g h  
t h i s  h a s  been  r e p o r te d  to  in c re a s e  l a r v a l  y i e ld s  from  Baerm annised 
c lo v e r  and g ra s s  (R o h rb ach er, 1 9 5 7 ).
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I n - t h i s  Baermann s e n s i t i v i t y  t e s t ,  i t  was f e l i  
b e t t e r  to  u se  f a e c e s  a lre a d y  c o n ta in in g  l a r v a e ,  th a n  to  
add known numbers o f  h a rv e s te d  la rv a e  to  s t e r i l e  f a e c e s .
The l a t t e r  method wotüLd have been  more a c c u r a te , b u t such 
la rv a e  would have been t h i r d - s t a g e  form s and m igh t have had
d i f f e r e n t  mJ^gxatory te n d e n c ie s  from  f i r s t - s t a g e  l a r v a e ,  which
’
i s  th e  s ta g e  found  i n  r e c t a l  f a e c e s  sam ples examined w ith in  
24 h o u r s .
I t  was conc luded  t h a t  Baermann ex am in a tio n  o f  f a e c e s  
f o r  la rv a e  o f  D. v iv in a ru s  was a  t e s t  o f  ad eq u a te  s e n s i t i v i t y  
f o r  th e  ex p e rim en ts  i n  which i t  was to  be u se d .
Z in c -s u lp h a te  f l o t a t i o n . Three grams o f  f a e c e s  were
shaken v ig o ro u s ly  w ith  42 m l. o f  w a te r , and g la s s  b ea d s , i n  a 
100 ml- sc rew -to p p ed  j a r ,  th e n  s ie v e d  th ro u g ii a  20-mesh copper 
gauze . T h ir ty  m l. o f  th e  f i l t r a t e  were c e n tr i fu g e d  in  two 
f la t-b o tto m e d  tu b e s  a t  1 ,0 0 0 0  f o r  th r e e  m in u tes  i n  an  MSB 
Super Minor c e n t r i f u g e ,  . The s u p e rn a ta n t was g e n t ly  poured  
o f f .  The sed im en t was th e n  a g i t a t e d  and b o th  tu b e s  were f i l l e d  
w ith  s a tu r a te d  z in e - s u lp h a te .  A c o v e r - s l ip  was p la c e d  on th e  
m eniscus o f  each  o f  th e  tu b e s ,  which were c e n tr i fu g e d  a t  
ap p ro x im a te ly  450 f o r  one m in u te . The c o v e r - s l ip s  were removed 
and examined on g la s s  s l i d e s .  A s im i la r  p ro ced u re  was th e n  
fo llo w ed  w ith  a  second o o v e r s l ip  from each tu b e .
M easui'ing and S c i e n t i f i c  Equipment L td . ,  C raw ley, Sussex ,E ngland .
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M eM aster. In  th e  c a se  o f  ex am in a tio n s  f o r  la r v a e
I p a r u s , th e  s ta n d a rd  method was m o d if ie d  b ecau se
c o n c e n tra te d  s a l i n e  i s  r a p id ly  l e t h a l  to  them . T hree 
grams o f  f a e c e s  were shaken  v ig o ro u s ly  w ith  42 m l. o f  w a te r , 
and g la s s  b e a d s , i n  a  100 m l. sc rew -to p p ed  j a r ,  th e n  s ie v e d  
th ro u g h  a  20-mesh co p p e r gauze .' F i f t e e n  m l. o f  th e  f i l t r a t e  
were c e n tr i fu g e d  a t  1,000G f o r  th r e e  m in u te s . The s u p e rn a ta n t  
was poured  o f f  and th e  numbered tu b e s  were p la c e d  i n  a  r a c k .  
Im m edia te ly  p r i o r  to  ex am in a tio n  th e  sed im en t was a g i t a t e d ,
and th e  tu b e  was f i l l e d  w ith  s a tu r a te d  s a l in e  and m ixed by
in v e r s io n .  A sam ple was p ip e t t e d  from  th e  tu b e  t o . a  doub le 
cham bered McMaster s l i d e .  I n  th e  c a se  o f  th e r e  b e in g  no la r v a e  
u n d e r th e  r u le d  s q u a re , th e  su rro u n d in g  a r e a  was s e a rc h e d .
B ro n c h ia l worm c o u n ti The lu n g s  were wsished e x te r n a l ly  
and s t r ip p e d  o f  h e a r t ,  g r e a t  v e s s e l s  and o eso p h ag u s. The 
t r a c h e a  and b ro n c h i were openedoW ith s c i s s o r s .  The seco n d ary  
and t e r t i a r y  b ro n c h i were opened w ith  f i n e  p ro b e -p o in te d  
s c i s s o r s .  A ll  worms were c a r e f u l l y  l i f t e d  in to  p e t r i  d is h e s  
f i l l e d  w ith  norm al s a l i n e .  A ll  worms were co u n ted  on b e in g  
t r a n s f e r r e d  to  f u r t h e r  d is h e s  o f  s a l i n e .  Where d e s i r e d ,  th e  
opened lu n g s  were s u b je c te d  to  Baermann e x a m in a tio n .
O ulturiniR  D. v iv in a r u s  l a r v a e . G u l tu r e - c a l f  f a e c e s  
were c o l l e c te d  t h r i c e  d a i ly  from  th e  rec tum  o r ,  i f  f r e s h ly  
v o id e d , from  th e  s tra w . The f a e c e s  were c u l tu r e d  by sp re a d in g  
a l i q u o t s  o f  a p p ro x im a te ly  30 grams i n  open g la s s  pom ades, to  a  
d ep th  o f  ab o u t fo u r. o m s., and xfith  a  r id g e d  s u r f a c e .
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Ten to  12 such  d is h e s  were p la c e d  in  a  th r e e - g a l lo n  enam el 
b u c k e t. The b u ck e t c o n ta in e d  th r e e  cms. o f  w a te r  i n  th e  
bo ttom  and i t  was covered  on to p  xvith a  doub le  s h e e t  o f  
new spaper and a  s h e e t  o f  p l a t e  g l a s s .  The b u c k e ts  x^ere 
p la c e d  in  n a tu r a l  l i g l i t  a t  a  te m p e ra tu re  o f  ap p ro x im a te ly  
15°C.
Under th e s e  c o n d i t io n s ,  t h i r d - s t a g e  la rv a e  were read y  
f o r  h a r v e s t in g  i n  e ig h t  d ay s . To do t h i s ,  a  f in e  sp ra y  o f  
w a te r  x/as d i r e c te d  o n to  th e  f a e c a l  s u r fa c e  and around  th e  
in s id e  o f  th e  d is h  -  and on i t s  o u ts id e  bo ttom  s u r fa c e  to  
acco u n t f o r  m ig ra t in g  l a r v a e .  The r e s u l t i n g  l a z 'v a l - r i c h  f l u i d  
v;as s u i t a b ly  c o l le c te d  i n  b ea lie rs  and , i f  n e c e s s a ry , i t  xfas 
c le an e d  by f i l t r a t i o n  th ro u g h  a  20-mesh copper g au ze .
T h is  method p ro d u ces a  l a r v a l  y ie ld  o f  betxreen 45 and 55 
p e r  c e n t ,  and i t  a l s o  p ro v id e s  l a r v a e  o f  c o n s ta n t  i n f  a c t i v i t y  
a  f a c t o r  o f  extrem e im p o rtan ce  i n  p a r a s i t o lo g i c a l  xfork.
Txîo c o n tam in an ts  viere en co u n te red  i n  th e  co u rse  o f  
c u ltix r in g  D. v iv ip a ru s  : -
l )  F u n g a l. Tx'jo ty p e s  xxere n o te d .
(a )  An e r e c t ,  s p o re -b e a r in g  fungus xxhich seemed
: n o t to  a f f e c t  s i g n i f i c a n t l y  th e  l a r v a l  y i e ld .
T h is  X'Xas a lm o st alxxays p re s e n t  to  a  sm a ll o r  
m odera te  e x te n t .
(b ) A s p e c ie s  xxhich covered  th e  f a e c a l  s u r fa c e  x-xith 
a  sm ooth, xfhite s k in .  T h is fu n g u s , xdiich xms 
much l e s s  common th a n  th e  f i r s t ,  d id  have a 
v e r j  a d v e rse  e f f e c t  on l a r v a l  y i e ld ,  b u t xdiether 
t h i s  xms th ro u g h  p re v e n tin g  th e  la r v a e  from  
's u r f a c in g * ,  o r  th ro u g ii a  more s p e c i f i c
l a r v i c i d a l  e f f e c t ,  x-xas n o t in v e s t ig a te d .
2 3 8 .
2) LarvoJL. V ario u s s p e c ie s  o f  s o i l  nem atodes were ' 
o c c a s io n a l ly  en c o u n te red  where f a e c e s  had been c o l le c te d  from  
th e  f lo o r  o f  th e  m e ta l h u ts .  They d id  n o t seem to  a f f e c t  th e  
l a r v a l  y i e ld ,  b u t such co n tam in ated  l a r v a l  s o lu t io n s  were n o t 
u sed  f o r  ex p e rim en t.
C ounting  la rv a e  i n  su sp e n s io n v, Except xdaen r e q u ir e d  f o r  
i r r a d i a t i n g ,  l a r v a l - h a r v e s t  su sp e n s io n s  were d i l u t e d ,  fo llo w in g  
a  p i l o t  c o u n t, to  a  c o n c e n tr a t io n  o f  ap p ro x im a te ly  100 to  200 
p e r  m l. The su sp e n s io n  was th o ro u g h ly  mixed by b e in g  poured 
from  one b ea lie r to  a n o th e r  ,f o r  a, few m in u te s t Then te n  s e p a ra te  
0 .1  m l. sam ples were rem oved, th e  su sp e n s io n  b e in g  mixed between 
each . The sam ples were p la c e d  on s e p a ra te  g la s s  s l i d e s ,  w ith  
c o v e r s l ip s ,  and co u n ted  u n d er th e  m icroscope .
R ea rin g  w orm -free c a lv e s . A13- th e  c a lv e s  u sed  i n  ex p erim en ts  
3f 5, 8 , 9 , 10 and 1 1 , and a l l  'c u l tu re *  c a lv e s ,  were bought i n  
th e  l o c a l  c a t t l e  m arket a s  *day*-olds*, b e in g  b u l l - c a l f  d is c a rd s  
from  th e  d a i ry  h e rd s .  T h e ir  fe e d in g  and management i s  d e s c r ib e d  
on page 123* A ll c a lv e s  were from  e i t h e r  th e  A y rsh ire  o r  F r ie s ia n  
b re e d s .
* C u ltu re  c a lv e s * . For th e  p u rpose  o f  p ro d u c in g  l a r g e  numbers
o f  D. V i  V i  p a ru s  l a r v a e ,  c a lv e s  o f  o v e r 12 weeks o f  age were
p r e f e r r e d .  Above t h i s  ag e , th e  f a e c a l  c o n s is te n c y  was more 
s u i t a b le  f o r  th e  c u l tu r e  m ethod, and th e  c a lv e s  th em se lv es  cou ld  
f a i r l y  e a s i l y  w ith s ta n d  a  b ro n c h ia l  worm b u rden  la r g e  enough to  
produce betw een 3 0 0  and 900 l a r v a e  p e r  gram o f  f a e c e s  o v e r th e  
p a te n t  p e r io d  o f  ap p ro x im a te ly  fo u r  weeks.
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Each c a l f  was dosed w ith  4 ,000  in f e c t iv e  la rv a te , and 
p a te n c y  u s u a l ly  began on th e  2 4 th  day. F a e c a l c o l l e c t i o n  was 
s t a r t e d  on th e  26 th  day- A pproxim ately  f iv e  p e r  c e n t o f  c a lv e s  
d ie d  d u r in g  p a te n c y . I t  i s  o f  i n t e r e s t  to  n o te  t h a t  ap p ro x im a te ly  
20 p e r  c e n t o f ’e x - c u l t u r e ' c a lv e s  d ie d  up to  s ix  m onths l a t e r ,  
a s  a  r e s u l t  o f  th e  e p i t h e l i a l i s i n g  pneumonia c h a r a c t e r i s t i c  o f  
p o s t - p a te n t  p a r a s i t i c  b r o n c h i t i s  (s e e  P a r t  1 ) .
Dosinæ c a lv e s  w ith  l a r v a e . S ince many o f  th e  ex p e rim en ts  
d e s c r ib e d  h e re  a r e  q u a n t i t a t i v e , c a r e f u l  a t t e n t i o n  was p a id  th a t  
caive»s in g e s te d  th e  e n t i r e  dose o f  norm al o r  i r r a d i a t e d  l a r v a e .
Such doses were made up e i t h e r  in  50 m l. o f  w a te r i n  a  s ix -o u n ce  
m ed ica l f l a t  o r ,  from  experim en t 6 onw ards, i n  30 m l. o f  w ate r 
i n  a  30 m l. v i a l .
F o r d o s in g , th e  c a l f  was h e ld  from  th e  r i g h t  w ith  th e  l e f t  
arm a c ro s s  th e  back  o f  i t s  p o l l ,  h o ld in g  i t s  head c lo s e  to  th e  
l e f t  s id e  o f  o n e 's  body. When th e  c a l f  had q u ie te n e d , th e  b o t t l e  
was ta k e n  w ith  th e  r i g h t  hand , shalcen, and th e  b o t t le n e c k  p u t in to  
th e  mouth j u s t  i n  f r o n t  o f  th e  r i g h t  com m isure. The dose was th e n  
g iv e n  i n  two o r  t l i r e e  sw allow s, w ith o u t any f o r c in g .  The b o t t l e  
was rem oved, r e f i l l e d  w ith  w a te r  and shaken and i t s  c o n te n ts  
s im i la r ly  dosed to  th e  c a l f .  Then th e  e a r  nm iber was re a d  and 
re c o rd e d . V/here p r a c t i c a b l e ,  d o s in g  was c a r r ie d  o u t midway betifeen  
m orning and ev en in g  f e e d s .  Many o f  th e  b o t t l e s  were checked f o r  
rem a in in g  l a r v a e ,  and th e  mean rem a in d er from  3.5Û v a c c in e  doses 
o f  1 ,0 0 0  was e ig h t  + s i x  l a r v a e .
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Cl i n i c a l  ex a m in a tio n  o f  c a lv e s . ( l )  Those in  i s o l a t i o n  h u ts .  
The method was to  e n te r  th e  h u t and s ta n d  q u ie t ly  f o r  a  m inute*
The r e s p i r a t o r y  r a t e  was coun ted  f i r s t ,  by w atch in g  th e  r e s p i r a t o r y  
movement. Then th e  c a l f  was lo o s e ly  r e s t r a i n e d  a g a in s t  th e  pen 
w a ll  and a u s c u l ta te d  on each  s id e  o f  i t s  th o ra x  w ith  a  phonendoscope 
The c h a r a c te r  o f  th e  r e s p i r a t o r y  sound was n o te d  u n d e r h ead in g s  
i n  in c r e a s in g  o rd e r  o f  h a r s h n e s s ,  v i z : -
v e s ic u la r  i n s p i r a t i o n ,  h a rs h  v e s ic u la r  i n s p i r a t i o n ,  b ro n ch o - 
v e s ic u la r  i n s p i r a t i o n ,  b ro n c h o -v e s ic u la r  b r e a th in g  and b ro n c h ia l  
b r e a th in g .  E a le s ,  ro n c h i  and emphysematous c r a c k l in g  were a ls o  
re c o rd e d  i f  p r e s e n t .  Coughing d u r in g  ex am in a tio n  was n o te d , 
o th e rw ise  an  a tte m p t was made to  e l i c i t  a  cough by p in c h in g  th e  
t r a c h e a ,  tw ic e . F in a l l y ,  a r e c t a l  f a e c e s  sam ple was ta k e n , and 
a  b lood  sam ple i f  r e q u i r e d ,  and th e  e a r  number was n o te d  and 
checked a g a in s t  th e  e x p e rim e n ta l l i s t !  T h is c l i n i c a l  r o u t in e  
and th e  c l a s s i f i c a t i o n  o f  r e s p i r a t o r y  sounds was d e v ise d  by 
P ro fe s s o r  M cIn ty re .
(2 ) C a lves i n  h o s p i t a l  
paddock. These were g a th e re d  in to  a  pen 30 to  60 m in u tes  b e fo re  
ex a m in a tio n . O therw ise  th e  method was s im i la r  ex cep t t h a t ,  on 
co m p le tio n , each c a l f  was marked f o r  ea se  o f  i d e n t i f i c a t i o n .
(3 ) In  th e  c a se  o f  c a lv e s  
on th e  fa rm , we asked  th e  fa rm e rs  to  b r in g  them in to  th e  b y re  and 
t i e  them some tim e b e fo re  o u r ex p ec ted  a r r i v a l .  The ex am in a tio n  
was s im i la r .
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Pulmonar.v ' l e s i o n  score*  m ethod. T h is  was a  method evb lved  
by Dr. J a r r e t t  to  q u a n t i t a t e ,  ap p ro x im a te ly , th e  amount o f  
c o n s o l id a t io n  p r e s e n t  i n  a  g iv e n  p a i r  o f  lu n g s  a t  post-m ortem *
As 60 to  70 p e r  c e n t c o n s o l id a t io n  was f r e q u e n t ly  n o te d  to  be 
in c o m p a tib le  w ith  l i f e ,  t h i s  was ta k e n  a s  th e  u p p e r  s c o re  o f  t e n ,  
i n  th e  ran g e  one , tw o, f o u r ,  s i x ,  e ig h t  and t e n .  A sc o re  o f  one 
was g iv e n  i n  th e  c a se  o f  a  few s c a t te r e d  lo b u la r  a r e a s  o f  
c o n s o l id a t io n  and th e  more w idesp read  le s io n s  were g raded  
a c c o rd in g ly .
P rep ar a t i o n  o f  la r v a e  f o r  i r r a d i a t i o n .
(a )  D. v iv in a r u s . Only e ig h t  to  te n -d a y  la r v a e  were used  
i n  th e  e x p e rim e n ts . These were h a rv e s te d ,  a s  c le a n ly  a s  p o s s ib le ,  
on th e  m orning o f  th e  i r r a d i a t i o n  day . The su sp e n s io n  was f i l t e r e d  
th ro u g h  a  20-mesh co p p er gauze to  remove g ro s s  f a e c a l  d e b r is  and 
fu n g a l s p o re s , i f  any . A p i l o t  coun t was done. The su sp e n s io n  
was th e n  c o n c e n tra te d  by s e v e r a l  rou n d s o f  c e n t r i f u g a t io n  a t  
3-,500 Q. F in a l ly ,  th e  o r i g i n a l  la rv a e  were p r e s e n t  i n  a  volume 
o f  betw een f iv e  eind seven  m l.
The c o n c e n tra te d  la r v a e  were ta k e n  im m ed ia te ly  to  th e  X -ray 
m achine and t r a n s f e r r e d  to  th e  i r r a d i a t i o n  d is h .  Care was ta k e n  
to  keep th e  la rv a e  f o r  a s  l i t t l e  tim e as  p o s s ib le  a t  th e  h ig h  
c o n c e n tr a t io n  (from  20 ,000 to  80 ,000  p e r  m l.)  b e fo re  and a f t e r  
i r r a d i a t i o n .  A ll  p i p e t t e s  and g la ssw a re  in v o lv e d  i n  th e  h a n d lin g  
o f  th e  la rv a e  im m ed ia te ly  p r i o r  to  i r r a d i a t i o n  were c o l le c te d  i n  a  
marked w ire  b a s k e t ,  to  p re v e n t any p o s s i b i l i t y ,o f  l a t e r  c o n ta m in a tio n  
o f  th e  i r r a d i a t e d  la r v a e  w ith  norm al l a r v a e .
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(b ) H. cont03?tus. F o r th e  p u rp o se  o f  o th e r  e x p e rim e n ts ,
n o t re c o rd e d  h e r e ,  i t  was found t h a t  la rv a e  o f  T rie h o s tro iig y lu s
c o lu b rifo rm 1s co u ld  be c o n c e n tra te d  f o r  i r r a d i a t i o n  by th e  same
te c h n iq u e  o f  c e n t r i f u g a t io n  a s  co u ld  D# v iv ip a r u s . However,
c o n s id e ra b le  d i f f i c u l t y  was e x p e rien c e d  in  t r y in g  to  c o n c e n tra te
la rv a e  o f  H. c o n to r tu s  by c e n t r i f u g a t io n  in  w a te r . Even a t  3 ,0 0 0  G.
f o r  te n  m in u te s , o n ly  ap p ro x im a te ly  50 p e r  c e n t o f  la rv a e  sed im en ted .
Oliis d i f f i c u l t y  was c ircu m v en ted  by h a r v e s t in g  th e  la rv a e  l a t e  on
th e  n ig h t  b e fo re  i r r a d i a t i o n ,  p u t t in g  them in to  a  t h r e e - l i t r e
m easuring  c y l in d e r  and p la c in g  t h i s  o v e rn ig h t i n  a  co ld -room  a t  
oi4  O'. E a r ly  th e  fo llo w in g  m orn ing , th e  s u p e rn a ta n t  was d ec an te d  
by s u c t io n ,  and i f  t h i s  was done w ith  c a re ,  one co u ld  o b ta in  
ap p ro x im a te ly  95 p e r  c e n t o f  th e  la rv a e  in  a  volume o f  s ix  to  
seven  m l.
Due to  th e  d i f f e r e n t  c u l tu r e  and h a r v e s t in g  te c h n iq u e s , 
(d e s c r ib e d  i n  ex p erim en t 1 2 ) , H. c o n to r tu s  la rv a e  co u ld  alw ays 
be o b ta in e d  i n  a  v e ry  c le a n  su sp e n s io n , com%)ared to  D. v iv ip a ru s  
l a r v a e .
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I r r a d i a t i on . I n  th e  p r e s e n t  s e r i e s  o f  e x p e rim e n ts , two 
X -ray  m achines w ere u sed  as d e s c r ib e d  in  th e  t e x t  -  a  
Hewton V ic to r  GX 10 ( f ig u r e  1 ) and a  Diemens D ta b i l ip a n  
( f ig u r e  2 ) .  The m ain d i f f e r e n c e  betw een them was t h a t  th e  
l a t t e r  was a  more p o w erfu l m achine, a s  in d ic a te d  i n  E xperim ent 
14- The q u a l i ty  o f  i r r a d i a t i o n  from  each was s im ila r . ,  In  
b o th , th e  e x te r n a l  f i l t r a t i o n  c o n s is te d  o f  0 .2 5  nmu copper 
and 1 , 0  mm. alum inium 4
0?he .hewton V ic to r  GX 10 was o p e ra te d  a t  140 kV and 
5mA'and gave an o u tp u t o f  betw een 180 to  190 ro e n tg e n s  p e r  
m inu te o v e r  th e  s e r i e s  o f  e x p e rim e n ts . The Siemens S ta b i l ip a n  
was o p e ra te d  a t  1 4 O kV and 20 mA, w ith  a  m inu te o u tp u t i n  th e  
o rd e r  o f  590 ro e n tg e n s .
C a l ib r a t io n  o f  th e .  m achines was perform ed by members o f  
th e  heste3?n R eg io n a l H o s p ita ls  P h y s ic s  departm ent^  u s in g  a  
B aldw in-Fariner su b -s ta n d a rd  d o sim ete rs
T ab le  2 shows two specim en c a l ib r a t i o n s  and I l l u s t r a t e s  
two m ain p o in t s .  The f i r s t  i s  th e  im portance  o f  m easurem ent 
when p o s i t io n in g  th e  d is h  f o r  l a r v a l  i r r a d i a t i o n .  The p o in ts  
o f  m easurem ent u sed  i n  th e  ex p e rim en ts  d e s c r ib e d  were
(a )  The u n d e r - s u r f a c e  o f  th e  f i l t e r ,  and,
(b ) A p o in t  c o rre sp o n d in g  to  e i t h e r  th e  w a te r  s u r fa c e  o f  th e  
l a r v a l  su sp e n s io n  ( o ld e r  m ethod; ex p erim en ts  3>4>5>7,8,9  and 1 0 ) , 
o r  to  th e  i n t e r n a l  b ase  o f  th e  d is h  (p re s e n t  m ethod; ex p e rim en ts  
12 , 1 3 , . 1 4  and 1 5 ) .  The T able shows a  c a l i b r a t i o n  b ased  on th e  
o ld e r  m ethod, betw een f i l t e r  and w a te r  s u r f a c e .
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The second f e a t u r e  from  T able 2 i s  th e  f a l l - o f f  i n  o u tp u t
o f  th e  X -ray  m achine a s  th e  number o f  f 11am en t-hours o f  u se
in c re ased *  T h is  made r e c a l i b r a t i o n  n e c e s s a ry , i f  su c c e s s iv e  
i r r a d i a t i o n s  were more th a n  one month ap a rt*
Throughout th e  ex p e rim en ts  w ith  D; viviparous d e s c r ib e d  in  
t h i s  t h e s i s ,  th e  te c h n iq u e  o f  c a l i b r a t i o n  in v o lv ed  m easu rin g  th e  
X -ray dose d e l iv e re d  to  a  p o in t  in  a i r  c o rre sp o n d in g  to. th e  s u r fa c e
o f  th b  l a r v a l  su sp e n s io n . , F u rth e rm o re , th e  la rv a e  were i r r a d i a t e d
each tim e in  th e  same g la s s  p e t r i  d is h ,  o f  4 .4  cm. i n t e r n a l  
d ia m e te r . G lass i s  n o t an id e a l  medium f o r  i r r a d i a t i o n ,  a s  i t s  
con tam inan t heavy m e ta ls  produce b a c k -s e a t te r*  However, th e  
o r ig in a l  i r r a d i a t i o n  o f  D. v iv ip sums had been  done w ith  a  g la s s  
d is h ,  so t h i s  f a c t o r  was k e p t c o n s ta n t  w ith  t h i s  p a r a s i t e .
D uring  th e  u se  o f  th e  g la s s  d is h  f o r  i r r a d i a t i o n ,  ’ two f a c to r s  
m o d ified  th e  amount o f  i r r a d i a t i o n  re c e iv e d  by th e  l a iv a c .
(a )  } 3 a c k -sc a tte r . The b a c k - s o a t te r  f a c t o r  was e s tim a te d  to
be ap p ro x im a te ly  1 .1 5  (V.G. C o t t r e l ,  1959, p e rs o n a l com m unication).
(b ) For a  d is h  o f  4 .4  cm. i n t e r n a l  d ia m e te r , 10 m l. o f  su sp e n s io n  
form s a l a y e r  o f  0*7 cm, deep . T h is  d ep th  o f  w a te r  would p e rm it 
ap p ro x im a te ly  80 to  85 p e r  c e n t, o f  th e  dose r a t e  a t  th e  s u r fa c e  to  
be a p p l ie d  to  th e  la rv a e  ly in g  on th e  bottom . (V.G, C o t t r e l ,  1959, 
persona], com m unication).
These f a c to r s  a re  w orth  r e c o rd in g , a lth o u g h  th e y  p ro b ab ly  
d id  n o t s i g n i f i c a n t l y  a f f e c t  th e  r e s u l t s  because  (a )  th e y  were 
c o n s ta n t th ro u g h o u t ex p e rim en ts  5 ,4 ,5 ,7 ,8 ,9  and 10 .
(b) th e  c a l i b r a t i o n  
o f  X -ray  dose was u l t im a te ly  a  b io lo g ic a l  one, o b ta in e d  d u r in g  th e
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s e a rc h  f o r  th e  l e v e l  o f  i r r a d i a t i o n  most s u i t a b le  f o r  l a r v a l  
i n a c t i v a t io n  c o n s is te n t  w ith  au eq u a te  im m un isa tion .
The b e g i n n i n g  o f  th e  ex p e rim en ts  in v o lv in g  ,IU c o n to r tu s
^  KjiUihKi-.’tHw im *. #
(and T. c o lu b r i f o r m is ) was a  co n v e n ie n t tim e to  m odify th e  
i r r a d i a t i o n  te c h n iq u e  a s  f a r  a s  th--. d is h  and th e  p o in t  o f  
c a l i b r a t i o n  were co n cern ed . A3.1 i r r a d i a t i o n  o f  th e s e  two 
p a r a s i t e s  was done i n  a  d is h  c o n s tru c te d  from  'p e rs p e x * . The 
i n t e r n a l  d im ensions weire made to  c lo s e ly  co rresp o n d  to  th e  
o r i g in a l  g l a s s / d i s h , •b e in g  4 .5  cms. i n  i n t e r n a l  d ia m e te r , by 
1 .5  cms. deep ( f ig u r e  3 ) .
One such p e rsp e x  d is h  was ad ap ted  a s  a  c a l i b r a t i o n  'phantom*
: - "  ■ ■ 
to  c o n ta in  th e  i o n i s a t i o n  chamber o f  th e  d o s im e te r  by h av in g  a
h o le  d r i l l e d  th ro u g h  th e  s id e  and c o n tin u in g  a s  a  groove o f  th e
same d ia m e te r  a lo n g  th e  b a se , ( f ig u r e  4 ) .  (T h is  en ab led  th e
a x is  o f  th e  i o n i s a t i o n  chamber to  co rresp o n d  to  th e  l e v e l  o f  th e
i n t e r n a l  b ase  o f  th e  i r r a d i a t i o n  d is h  p ro p e r , so th e  dose m easured
was t h a t  d e l iv e r e d  to  th e  l a r v a l  mass r e s t i n g  on th e  b a s e .)
Ah amount o f  t i s s u e - eq u iv a le n t  b o lu s  was th e n  p u t in to  th e  d is h
to  co rresp o n d  to  th e  volume o f  w a te r  and la rv a e  w hich would be
p re s e n t  i n  an  a c tu a l  i r r a d ia t io n *  As b e fo re , th e  d is h  was th e n
p la c e d  i n  a  sq u a re  o f  t i s s u e - e q u iv a le n t  p re s s e d  wood, h av in g  an
a p p ro p r ia te  c i r c u l a r  r e c e s s  and a ls o  w ith  a  h o r iz o n ta l  h o le  th ro u g h
th e  s id e  to  accommodate th e  le a d  to  th e  i o n i s a t i o n  cham ber. The
space  betw een th e  s id e  o f  th e  d is h  and o f  th e  r e c e s s  was a ls o
f i l l e d  w ith  b o lu s .
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F in a l ly ,  th e  p re p a re d  phantom was p la c e d  on two l a r g e r  
b lo c k s  o f  p re s s e d  wood, each  15 cm. deep.
T h is arrangem en t f o r  c a l i b r a t i o n  i s  i l l u s t r a t e d  
d ia g ra m a t ic a l ly  i n  f ig u r e  5.
The p ro ced u re  f o r  l a r v a l  i r r a d i a t i o n  was as  fo llo w s :
The la r v a e  were t r a n s f e r r e d  from  th e  tu b e  to  th e  i r r a d i a t i o n  
d is h  in * a  p a s te u r  p i p e t t e .  Tube and p ip e t t e  were th e n  washed 
o u t in  w hatever q u a n t i ty  o f  w a te r  was re q u ir e d  to  b r in g  th e  
f i n a l  volume to  t e n  m l., u s u a l ly  th r e e  to  fo u r  m l.The a p p ro p r ia te  
b lo c k s  o f  p re s s e d  wood were l a i d  i n  p o s i t io n  on th e  tre a tm e n t 
t a b l e .  On to p  o f  th e s e  was p la c e d  th e  s m a lle r  p ie c e  o f  
re c e s s e d  p re s s e d  wood. The d is h  was p la c e d  i n  th e  r e c e s s  and 
th e  su rro u n d in g  space was f i l l e d  w ith  t i s s u e  e q u iv a le n t  b o lu s .
The m achine head  was sim ng in to  approx im ate  position and c e n tre d  
OV03? th e  d is h .  I t s  h e ig h t  above th e  d is h  (w a te r  s u r fa c e  o r  
base  a c c o rd in g  to  th e  c a l i b r a t i o n )  was accurate3 ,y  s e t  by means 
o f  a  p ie c e  o f  s t i c k  c u t  to  s i z e .  T h is a rrangem ent f o r  i r r a d i a t i o n  
i s  shown i n  f ig u r e  6 .
I r r a d i a t i o n  was th e n  begun.
F or th e  GX 1 0 , th e  maximum le n g th  o f  ru n  was 55 m in u te s . At 
th e  end o f  each  55 m inu te  p e r io d , te n  m in u tes  were a llo w ed  f o r  th e  
m achine to  c o o l .
The Diemens S ta b i l ip a n  r e q u ir e d  r e s t a r t i n g  ev ery  15 m in u te s , 
b u t i t  d id  n o t r e q u i r e  a  c o o lin g  p e r io d .
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F ig u re s  1 and 2 show th e  'p ersp ex *  d is h e s  ap p ro x im a te ly  
i n  p o s i t io n  (n o t y e t  p la c e d  i n  th e  sm a ll re c e s s e d  pressed-w ood 
b lo ck ) b e fo re  th e  s t a r t  o f  i r r a d i a t i o n ,b y  each  X -ray  m achine, 
o f  H. c o n to r tu s  la rv a e  f o r  experim en t 14.
When a  ran g e  o f  d i f f e r e n t  l e v e l s  o f  i r r a d i a t i o n  was b e in g  
a p p l ie d , th e  -a p p ro p ria te  f r a c t i o n  o f  th e  su sp e n s io n  was removed 
from  th e  d is h  and re p la c e d  w ith  w a te r  a s  each i r r a d i a t i o n  l e v e l  
was re a c h e d . (T h is  p ro b ab ly  r e s u l t e d  i n  some v a r i a b i l i t y  in  th e  
e f f e c t iv e n e s s  o f  th e  i r r a d i a t i o n  d o se , due to  th e  o x y g en a tin g  
e f f e c t  o f  th e  added w a te r  -  and p o s s ib ly  to  th e  low ered  number 
o f  l a r v a e .  However, due to  p re s s u re  on th e  tim e o f  th e  
th e r a p e u t ic  X -ray  u n i t s ,  t h i s  was th e  o n ly  method p r a c t i c a b l e ) .
At th e  end o f  th e  t o t a l  i r r a d i a t i o n  p e r io d , D. v lv ip a ru s  
la rv a e  were removed from  th e  d is h  in to  a  Roux b o t t l e  c o n ta in in g  
ap p ro x im a te ly  500 m l. o f  ta p  w a te r , b ro u g h t from  o u r la b o r a to r y .
The d is h  was f lu s h e d  s e v e r a l  tim es  to  en su re  t h a t  a l l  la rv a e  
were re c o v e re d .
In  th e  ca se  o f  H. c o n to r tu s . th e  la rv a e  were d i lu t e d  to  
a c o n c e n tr a t io n  o f  ap p ro x im a te ly  100 p e r  m l. o f  ta p  w a te r 
im m ed ia te ly  fo llo w in g  i r r a d i a t i o n ,  to  p re v e n t l a r v a l  clum ping 
which was f r e q u e n t ly  n o te d  i f  t h i s  p a r a s i t e  was k e p t f o r  any 
le n g th  o f  tim e a t  in te rm e d ia te  d i l u t i o n s ,  i . e .  i n  th e  o rd e r  o f
1 ,0 0 0  p e r  m l. F o r tu n a te ly  i t  d id  n o t o ccu r a t  th e  h ig h  c o n c e n tr a t io n s  
upwards o f  10 ,000  p e r  ml* -  r e q u ir e d  f o r  i r r a d i a t i o n .
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Such oluiBps c o n s is te d  o f  hundreds o f  la rv a e  and made co u n tin g  
v e ry  in a c c u r a te .  I t  was n o t d isc o v e re d  w hether such  la r v a e  were 
ab le  to  i n f e c t  n o rm a lly , a s  su sp e n s io n s  c o n ta in in g  clumps were 
n o t u se d .
Ï r ï ’a d ia tê d n  la r v a e  were im m ed ia te ly  ta lten  hack to  th e  
V e te r in a ry  H o s p ita l  where th e y  were coun ted  and made in to  d o se s . 
These were a d m in is te re d  to  th e  a p p ro p r ia te  e x p e rim e n ta l an im als 
on th e  same d a y . Unused i r r a d i a t e d  la rv a e  were r e ta in e d  a t  
t-4 C, f o r  m o rp h o lo g ic a l v i a b i l i t y  ch eck in g . Such checks were 
o n ly  o f  a  p i l o t  n a tu r e ,  and d id  n o t in c lu d e  th e  i n f e c t i v i t y  
te s t in g ,  n e c e s s a ry  f o r  a  c r i t i c a l  e v a lu a t io n .
O ther te c h n iq u e s  u sed  i n  t h i s  t h e s i s  a r e  e i t h e r  s ta n d a rd  
p a th o lo g ic a l  o r  p a r a s i t o lo g i c a l  p ro c e d u re , o r  a r e  d e s c r ib e d  o r  
r e f e r r e d  to  i n  th e  a p p ro p r ia te  p a r t  o f  th e  te x t*
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T able 2 . Two specim en c a l ib r a t i o n s  o f  th e  Mewton 
V ic to r  QX 10 sh o w in g ;-  (a )  v a r i a t i o n  o f  
X -ray  dose w ith  d is t a n c e ,  i n  th e  beam a x i s ;
(b ) f a l l - o f f  i n  o u t­
p u t o f  X -ray  m achine w ith  in c r e a s in g  number 
o f  f  11 am en t-hour8 o f  u s e .
D is ta n c e  betw een 
bo ttom  o f  f i l t e r  
and s u r fa c e  o f  
w a te r  i n  d is h .
O utput i n  
ro e n tg e n s  
p e r  m inu te  
on March 1 2 th .
O utput i n  
ro e n tg e n s  
p e r  m inute 
on August 11 th ,
1 .0  cms. 
1 ,5  cms.
2 .0  cms.
215
190
171
205
184
169
(M achine o p e ra te d  a t  140 kV and 5 mA; 
e x te r n a l  f i l t r a t i o n  0 .2 5  mm. Ou. and
1 ,0  mm. A l . ; h a l f - v a lu e  la y e r  -  0 .4 4  
imn. Ou. 2 B a ld w in -la rm er s u b -s ta n d a rd  
d o s im e te r ;  c a l i b r a t i o n s  perform ed by 
V.G. C o t t r e l ) .
TECHNICAL APPENDIX. Illustrations for irradiation techniques
Figure  2. jUie Siemens s t ia b i i ip a n  th e r a p e u t ic  X -ray m achine 
A 'pèŸ spex* d ië h  c o n ta in in g  l a r v a l  s u sp e n s io n  i s  
r e s t i n g  on two la r g e  b lo c k s  o f  p r e s s e d  wood.
F igure 1. The Newton V ic to r  GX lOfth e r a p e u t ic  X -ray  m ach ine,
witbu^ p e r sp e x ' d ish^ an d  p r e sse d  wood in  app roxim ate  
p o s i t i o n  f o r  i r r a d i a t io n .
V i
251.
■VT
Ficaire 5 Diagram o f  * p erspex*  i r r a d ia t io n  d is h .
F ig u re  4 . P la n  and e le v a t io n  diagram  o f  "perspex* c a l ib r a t io n  
"phantom* w ith  r e c e s s  to  accommodate th e  d o s im e te r * s  
i o n i s a t i o n  chamber.
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F ig u re  5 . C r o s s - s e c t io n a l  diagram  I l l u s t r a t i n g  
th e  arrangem ent o f  th e  com ponents 
d u r in g  c a l ib r a t io n .
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F ig u re  6 . C r o s a - e e c t io n a l  diagram  i l l u s t r a t i n g  th e  
arrangem ent o f  th e  com ponents d u r in g  an  
i r r a d i a t io n  ru n .
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p r  ç  t  6 0 0 1  8
E xperim ent 3• i  -
2bX.
V/eigiyLt^ *of yaccinated and control calves 
from Day 83 (10 days before challenge)tp 
Day 125 (. day before; final kill).
Group 1. (1,000 ; 4>000 irradiated larvae)
Calf . 
number g L _
3 /3
__90__
10/3
■' 1 - Day 
13/3  17/3
of. Experiment
- Date - ' . . 
25/3 1 /4
_120__
9 /4
— 125__.
1 4 /4  , : 15/4
9513 305 300 304 i 315 ;330 349 354
9719 ' 278 272 288 303 303 318 324 t
9720 ' ; 280 285 293 ' 302 311 334 334 I
9721 290 290 CIÏAL- . 296 300 315 322 D
, 9722 255 255 262 286 292 307 '314 . 1
9723 293 299 320 328 , 332 354 . ,357 E ■
9718 ■ 240 246 -LENOE.254 258 270 294 291 D
9725 225 235 256 : 248; : 284 282
9726 252 - 255 272 288 290 300 310
9727 : 284 283 ' . : 288 300 308 341 / : 339
Group, 2k (1 ,0 0 0  : 2,000 irradiated larvae).
9728 274 276 : 292 301 312 337 332 ,
9729 268 276 : .292, ■ 298 310 332 325 IC
973P 252 261 , ; ' 257 , 278 280 302 290 I  ; ■
9731 241 251 ' - ' 267 ■ 277 285 297 290 D
: 9732 , 260 272 CIÎM.L- 284 286^ ;^93^ 322 315 '■•'D';'
9733 250 258 276 282 ; 289 308 304 B
9734 230 236 259 260 275 285 D '
9512 310 : 301 ' 315; 334, . 346 381 374.
9736 254 247 257 266 ■ 277 293 292
9737 _ 230 254 261 274 286 300 303
* i n  pounds
262.
Orpup 3;. (1,000: : l^ OOb; Irradlateâ 'larvae) ,
3/3 10/3 13/3 17/3 25/3 ' 1/4 9/4 . 14/4 15/4
K
:I'
L
L
E
D
9738 248/ ::: 253',;. ; 2667:7 278 '.7281:; :7; ' 293 ; ::"...:305..
9739 ;239 1: 256:77 2 0 ' / 7;258 ; 267 : : 280!:. 7'7299,; . 3 0 2
9740 ^'/f y:;:268;, ' >276. 7:. '/H ■ Vi7274:':;,'' 280 ■:;'2é5:!77:'302: 7 209
9741: :'7;:':;244;2  ; 2507 ;7#:;:;:;'258,'2,.„ 282, : 290 7: ' 302;; : 505
9802):"/;:/ /g6 8 .1 m \  - ■'.vL; 7• ' Tïi 1 7 ; # 7 ; 7 289 77296 7 7 3 0 9 :',7:7 316:
9743 ; 310 314 7 : :,''512'.:;., 336 7 340 " ; :3617;;.,;7375'
9744 ' 240' 240 7 : 240:2 :'; ' : :.'2'64 7';273:/;; ; 278
9746 281- ; : : 290 ' /:/292;:'7;. 29.8, 309.7■,;;3547 ''332
9839 ';72402" 7252; :269 7,2697 , ::297 77301
9843 :;2'244.:, ;:/25i';/.7:'725g 77#7": 272 7 :284;
■ Group 4* ( 1,000 : Irradiai:ed; làryàé ).
9836 /:/'L/:234,V2:252;.'- ■7-L7-^ r' '.,/257..;2,; 247 '!251,;: 7;;' 274 ;7:;272:
9842; '/\:'::;',728l/: .;27877 :/2 7^7 - ::.7258.7 270 77729177:'772897:!;. 296
9834; ;;;■ v.;:; ,.228 223:7,;;2i:7. 2.'2597ç'';: 214 ; :7;;2io  77''214. .. . .210
9833 F/,;L.^59' '2^265771 # ' : ■.7292 7:7,. 278' 7 276 7 . 2707 .'■'77'282
9763 v''.7/'l5p .  ' 257 ; , ::t77 7 .277 2 25.6 ■■258;; 241" ■ V, . ' 244
9852 ,,,;7/; ,;;190;7 ,:i97;;./ E. /
. K :■7198:':.,7 198 :;;194 203 : 204
9832 : ■ ,270 278 : 0 7'2 9 5 : 30077:309  ::''2' 32I 7.330
:9830, -'1260.7 7 258::.: 7;,;E'//7 274:72; . 282 : ■281: : 281 . : . :282
9829 219 ; . 225  7 7;: 239;7'7'23,9 77A 27; . ' 7260 '7 :7256
9828: : '■-■2 :'.23.4; 22347:.:; -%' .î' 7;236777:7249 ,77257: 7:268;■;"7::268
K
1.
I,
II
B
■D
265.
Group 5A. (10,000 challenge controls).
Calf - Day of Experiment -
number 83 90 93 97 105 112 120 125 126
' ,, ■ ■ ■ ■ . . . :■ -D a te  -
V3 10/5 13/3 17/5 /^^3 1/4 9/4 14/4 15/4
9912
.9915
9 8 #
9514
9819
9911
9914
9916
9817
9818
267
512
259
286
258
Group 5B. 
510
: 514.
200
254
\  215
272 
297 
241 
294 
250
( 5,000
511
268
210
244
220
G 
H 
A 
L 
L 
E.
N 
;G 
:2,
challenge
O'.
H
Î
1
E 
E 
G
E-:
270 260 254 254 255
514 512 290 296 506
259 241 250 258 264
514 507 504 506 516
255 252 255 225 240
controls).
517 520 527 524 525
278 286 288 286 500
220 221 220 250 : 252
250 260 267 281 276
241 259 245 . 256 228
K
I
1
L
L
E
D.
K
I
L
L
■E
D
Group
number
GROUP MEAN WEIGHTS
■■ - 0
1* 270 . 272 A'-'. 280 293 298 : 320 525 : K 
I%2,.:7 . 257 265 277 286 294 515 511
' 5. 257 264 LE. . 268 281 287 504 509 L
4. 245 246 .■ N 257 253 255 . 265 264 II■ E
5A+B* 261 261 : G ■ 269 / 270 268 270 274 b
The two control groups are considered together as the weight 
difference between them is not significant.
Faecal l a r v a l  levels (larvae per.gram sM cM aeter)
GROUP CALF 
m ieE R
J . J L
OONTROL8 GL15 
GL14 
046
24 27
fir,a^ re-'Twr=^ »i
3.6/8 19/0
29
21/8
Day , o f  B kpsrlm ent 7 
31 34 36 38 :t «C# 1#E4 ilMi it.-^  #H« wto (jW EKT i»» K» na£> «S» 451# «*M fe«* «AU fi
D ate
23/0  26 /8  28 /8  3 0 /8
<FBte ^  AM nrs? *»=» i#i# (£97. *3js^  #ri|* *F3 K<4 1
2/9
43
8625 0 0 100 20 0 ' 0: 5 0 ;' 0 20
8650 50 0 20 40 100 50 100 50 ' ■ 0
8651 0 0 0 0 100 0 . bo' ,; a '7 0
8652 0 0 40 100 50 100 • /70 \,:07' 7 50
8655 0 50 50 7 :50 250 ■•■ % 0 50:-, 0 :\-o
8654 0 0 500 20 400 1600 : 1100 :550 250
8655 0 100 0 100 46 50 7.7, ' ' '0/ '#,8,7 50
8656 ■ 0 ■ Ô , .0 ' 0 ■■ V .0-' ' 7 .b ' 7 0 100 0
8658 ' 0 20 . 200 700 250 400 : 500 N.B, 500
8675 , 0 2^ 0 x50 150 D I E D  26/8
8677 0 ■. 0 7% 50: 40 : ;50 i;:25P: '■ 0 :/ Ÿ0
8678 0 ' O'" ' 20 150 . , 0 0 / ;77p-: 07-';; ' ; 0
8679 .0: 0 100 - :. G , 50 50 7:\ v2o. 40 50
8680 0 50 550 loo 600 650 : ; 200 0 400
8684 , 0 20 100, 50 200 100 206 800 100
0 . 200, . 100 4 0  1650 1000-, 7 5 0 , 750, :400i
50  100 D I  B D 21/8  : , , ; . ■ ; : 7. '7 : ,
0 1600 1 9 0 0  D I  B D 22/8  : ■
U47 0 - 0 0 50: 50 100 : 200 :^ 5o { 150
8621 0 : 0 50 100 20 50 N.B.: : 50
8594 0 0 : 0 20 50 7 7:P-....-50.:. ipo
8690 50 150 450 200 1150 1000 1900 : 800 IlOO
8691 0 0 50 . 0 100 50 760 .7 40'\7; :50
8698 0 50 ; 50 50 0 150 :'.72o '. . ,  59b 450
8699 0 200 250 D I b D,. 21/8
8700 0 250 550 .500 1500 600 ;1400 950 2650
8614 500 450 D I E D 19/8
N .S. No sam ple o b ta in e d .
2 6 5 .
of vaccinâtes and controls
45
; 6 /9
48,
9 /9
50
11 /9
52
1 5 / 9
55
16 /9
57
18/9
59 62 
20/9 25/9
64 66 
25/9  27/9
73 80 81 
4 /10  11 /10  18
0 , , 50 0 0 0 0 0 : 0 0 0. O', 0 0
: . ; 7 : 7  .20 : i  0 0 0 -VO... 0 0 0 0 0 0 0 0
■■; ■ p 0; ■ -, 0 0 : ' 7 :0  - 0 0 0 ■ '.;'V 0 0 0 0
’ 0 0 0 0 0 0 0 0 0 ' ' 0 0 0 0
0 7 0 ; /' L7 0 50 . N .8. 0 0 0 D I E D 5 /1 0
700 1 5 0 150 100 4 0 0 : 7 :50 : 0 50 0 50 50 0 .,./0
150 250 50 100 50 50 0 N.B. 0 50 .0 0 ' 0
0 1 5 0 0 0 ;■■■-0 ' : 0 0 0 : ;o 0 0 0
 ^ 1550 650 : 850 D 1 1 3D 1 2 / 9
'
: . , ' 0 100 50; 40 0 V O . 0 0 0 0 0 0 .„\'P
, b  '■ ' '’,- /V '0 ' ■: : 0 0 \  0 '7' 0 0 ,■"■'^ ■07 ..■■•7 0 0 ■' 0: 0 ' 7^ 7;0
0 0 200 0 y i f . 3 . 0 ; ;..;:7Q,; 0 " 0 0 0 0 /  c
1 2 5 0 : D I E  D 9 /9
" :'7' ' 4 0 '.. 4 5 0 0 550 20 700 . lo p 40 50 7:7:;-0'.' 0 0 ;/'7;Û
600 1 5 0 1850 450 D I B D 14/9
 ^ 250 200 200 400 200 450 1 1 5 0 4 0 0 3 0 0 1100 D I E P 4/10
200 100 ; 250 600 100 450 1 5 0 5 00 5 5 0 1 0 5 0 D I E D 4/10
: ■' N ,8, ' 80 ■ 0 0 120 120 ■ p N.8 • 0 0 0 - 0
1 5 0 0 2200 D I B D 9 /9
' 0 0 . 507 ■ N. 8* 0 100 ::7:/p7 0 0 50 20 0 c
4 0 0 550 D . ib S D 12 /9  V :
2650 950 2 7 5 0 450 D I E D 15 /9
266,
, KEY ; TO SYMOLS USED 
IN THE FOLLOWING TABLE.
a) R e s p ira to ry  sounds ( in  o rd e r  o f  in c re a s in g  h a rsh n e s s )
VI - v e s i c u l a r  i n s p i r a t i o n .
PVI -  p ro lo n g ed  v e s ic u la r  in s p i r a t i o n .
HVI -  h a rsh  v e s ic u la r  i n s p i r a t i o n .
BVI -  b ro n c h o -v e s ic u la r  i n s p i r a t i o n .
BVB -  b ro n c h o -v e s ic u la r  b r e a th in g .- 
BI -  b ro n c h ia l  i n s p i r a t i o n .
BB -  b ro n c h ia l  b re a th in g . ,
b) A d v e n titio u s  sounds.
E -  lo c a l i s e d  emphysema.
GE -  g e n e ra l is e d  emphysema.
R -  o th e r  a d v e n t i t io u s  sounds.
c) O h a ra c te r  o f  r e s p i r a t i o n .
7 B -  Dyspnoea.
-  p re sen ce  o f  cough i s  n o t reco rd e d  h e re  -
267. R ate and Type o f  r e s p i r a t i o n
GROUP CAM' f  Experim ent
KUMBBR 24__ 27 3 1  34 36
Date
__38_ —„41„, 45 _
16 /8 1 9 / 8 21/8 2 3 /8  2 6 /8  2 8 /8  3 0 / 8 4 /9 S/9
VACOIHATBS 8623 40 25 25 3 0  3 0 3 0 20 3 0 24 20
BI BVI BVI VI HVI HVI HVI HVI BVI HVI
8630 60 40 60 65 35 50 40 50 40 60
BI . . BI BB+R BVI HVI . BI HVI HVI+E BVI BVI
8631 40 20 36 40 25 3 0 40 4 0 32 48
BI BVI BI HVI+E HVI VI BVI+.B1 VI BVI BVI
8632 60 25 45 45 60 40 . 40 40 20 48 .
BI BVI BI BVI BVI HVI HVI HVI HVI BVI
8633' 60 4 0 50 55 40 60 50 . 60 44 60
BI BI BB VI HVI+R BVI+R BVI BVI BVI BVI
8634 «« 50 80 80 40 60 50 75 46 48 ,
8635
BI BI+E BVI+E IIVI+E BVI+E BVI+E1 HVI+E BVI BVI
40 40 70 40 30 50 40 60 48 60
8 6 3 6
BI BI BI+R BVI VI . BVI HVI HVI+E BI BVI
40 20 25 20 20 20 20 20 16 1 6
BI BVI BI BI VI VI VI VI HVI VI
8 6 3 8 40 20 35 60  65 : T 50  . ;4o 70 40 60
BI BVI BV+R BVI . BVI+E BVI BVI BVI+E BVI BVI
8675 30
BVI
50
BVI
8 4  60  -n -r M 
BI+E BVI+E ^ D 26/8
6677 50 40 60 60 50 70 . 50 80 46 80
;,: 8678
BVI BVI BVI+R BVI BVI+R BVI+R BVI BVI+R BVI BI
fW# 45 70 60 60 80 60 60 64 60
BVI BVB BVI BVI , BVI BVI BVI BVI BVI
8679 50 50 30 50 3 0 50 40 50 32 40
BI BI VI BVI VI HVI BVI BVI TO BVI+E
.; ; 8680 70 70 70 80 75 90 80 70 72 ' 60D.
BX 7 BI BI+E BI BB+GE BI+E BB+E BVI+E : BVI %
8684 50 3 0 50 60 65 60 50 110 52 60
BI BI BI BVI BI+R BVI+R BVI BB+E BVI BVI
COHTROLS GBI3 70 65“^ 60 80 60 , ■ CRT" ■80 ... 6Ü.TO2CT —
BI+E BI BI+E BVB+E BVI+E BVI+E ; BB BB+E BI+E BI+E
G II4 120 1 3 0 100 D I E D 21/8
BI BI+E BI+E
G46 60
BB+E
4 OD.
BB+E
66
BB+GE
D I E D 22/8 ' •
: G47 70 45 90 60 60 80 50 70 60 64
BVI BI BI+E BVI BVB+R BVI+R BVI BVI+E BVI BVI
8621 70 60 110 1 1 0  70 100 80 110 76 96
BI BI BB BB BI+E BVI+E BB+E BVI+E BI BI
8594 40 50 50 60 60 7 0 50 80 65 60
BI BI+E BI+R BVI BVI+R BVI+R BVI BB BVI BVI
8690 50 50 55 60 70 90 60 80 40 48
BVI BI+R BVB+E BVI+E BVI+E BI+E BVI BVI+E BVI+1i BVI
8691 5 0 3 0 40 45 20 3 0 40 40 . 24 40
PVI : BVI BVI BVI HVI+R HVI+R HVI • VI BVI ; BVI
8698 70 3 0 60 60 70 90 70 75 56 64
BI BVI BI+R BVI+E BVI+R BI+E BI+E BVI+E BI BVI
8599 80
BI+E
80
BI+E
110
BB+E DIED 21/8 ,
8700 70 4 0 68 80 65 60 50 80 48 72
8614 . 1 # i I J b .i 1 m BVI+E BVI+E BVI1 1 9 /  8 BVI BÏ+GE BVI BVIBI BI+E
of vaccinates and controls 2^8.
48 50 52 55 57 59 64 66 73 80 87
9 /9  11 /9  13 /9  1 6 /9  20/9 23/9 25/9: 27/9 4 /10  11 /10  18/10
36
iiv i
44
BVI
40
BVI
52
BVI
40
BVI
40
BVI
76
BVI
16
HVI
48
BVI
38
i m
. 48 L
BVI 
44 
BVI 
48 
BVI 
56 
BVI 
68 
BVI 
60 
BVI ■ 
24 
BVI 
40B. 
BVI
44 32  ^ : 28 28 36 36 40
BVI ; BVI HVI BVI ■ BVI HVI BVI
44 52 40 36 40- 52 48
BVI BVI BVI BVI+B IVI+E BVI+B HVI
40 48 32 40 ; 36 36 28
BVI : BVI HVI+E BVI . . . BVI . BVI. :. HVI
64 7 52 28 20 3,6: 32 36
BVI BVI .BVI BVI+B HVI BVI HVI
64 48 48 56 60 48 311
BVI HVI BVI BVI BVI BVI+B
76 68 56 48 48 48 40
BVI BVI BVI HVI : BVI 7 BVI BVI+E
52 - :44 ;7 2 1  36 r> 24 56 40
BVI BVI BI+E BVI BVI+E BVI BVI
32 24 24 ; 16 28 20 24
HVI HVI T O  : HVI/. ; HVI /  HVI -
b  I  E B 12/ 9 r
48
BVI
56
BVI
48
44 
BVI 
. 40 
HVI 
30
BVI HVI+E 
44 , 28
HVI ! HVI 
33 D
40 
HVI 
44 
HVI 
48 : 
BVI
40
m i
60
BVI
24
HVI
80
BVI
52
BVI
40
HVI
72
BVI 
64 
BVI 
' 28
BVI
60
BVI
68
BVI
28
HVI.
: 64 
BVI 
36 
BVI 
24 
HVI
60 y
BVI+E
60
33VI
60
BVI
32
56
BVI
52
BVI
40
HVI BVI+E V
56
BVI+E:
40
BVI
80
BVI
56
BVI
48
BVI
7 56
BVI+E
I/E .D
, 60 
BVI 
48 
BVI 
40
60 60 
BVI BVI
32- 56
BVI HVI
44 40
BVI BVI+E BVI
56
BVI+E
48
BVI+E
48
BVI
60
BVI.
42
HVI
44
HVI
60
BVI
80
BI
80D.
BI
48
BVI 
56 
BI+E 
36 
BVI 
60 , 
BI
64 7 104 80 72 48 72 80 D I; E 11BVI+E.. BVI BI+E BI+E BVI+E ; BVI BVI+E '
52D. : 52 7 48 i 36 64Bw 60B. 60D. 11 I  E I)
BI+E BI BI+E BI BI BI BI+E
68 768 7 / 68 52 40 52 48 56 45 52
BVI. BVI BVI / .  BVI , ■ BVI . : . BVI ■ BVI BVI BVI BVI+E
:D I , E D 9 /9
44 56
BI BVI 
481) .
BI+E
48
BVI
60
BVI
D I  E B 1 2 /  9
28 44 48
BVI BVI+E BVI
76 40
BVI BVI
52
BVI
56
BVI
60
BI
56
BI+E D j  E D .  1 5 / 9
' . y  ■
r  ' ■  : •
- !
7':-p’'r -o t 0 0 0 1 8, ; :
/ Experim ent 5. 7/7'/-'
In d iv id u a l  and group mean r e s p i r a to r y  f a t e s 7269
:;::palf:y:777x: 
number 0 0
V - vDay! of Experime^ / -'7
.ï2 ,l.ig g b _ _ É É :
b : 7- /  7'7/L: b a t e ; , r ^ 77 : F ' b  ' 'w/ i  /.::.7:7.:7:
V9/ 1 2  9 /1 2 7 1 ^
Group 1# ' (igbdG : : 4 ,000  i r r a d i a t e d  la rv a e  ) .  ' / ' b / ' - : / v; ;7 7.-
9513 '30 : ;4 0 ?;-??35':; ■: 30"?: ?40:.::??35,?'"' 40 ?:?30? .. ;;25 35 30
9719 25 .3 0 :' 3 0 3 5 ?" : 3 0 '.?;:30?.?;..;50 . ;85: 7 0 ? ;:"'::50'.;;; 40
9720 30 3 0 ;?40?;'":;'35:;?.; 60 ; 40; "?;70 ; 70: .65?; 5 0 :4 5 .
9721 '■/A ;'30V;y 3 0 ?:.?30';. 2 5 ? - .35 ';?:'"/4 0 -/::■?50 ■ .:35 : 3 0 25 45
9722 .35.:;,.i:30/?:; 30'.?:;?.35: 3 0 '?..;:.3o-?;:." 50 50 40 ? 40 '.35.
9723 Æ  c;;; /:"35':/"::25?:: 3 0 ? .;;?30.?. ; 35,":?;:35.:";:: 45 50 ???35; ??4Q?? 35
9718 '35 30 ?30: .?;;3o;??; 3 0 ?"?'?45? 60 85. 60 ?;50" 40
9725 "35;:?/ 3 0 :.:35?;:?;:25,.;:?' 30 ??:35?:?? 4 0 60 : 60 40 40
9726 30 " 40 ; 40 %?4G?:'?.:?5o;."::.?;4o;?.:??'55 : 50 55? 45? 5 0
9727 30?;:; 30; .?:?0';?;..-:;:30;??:-;35;'?\;";;3o?"'?.: 60 :: ?: ?80 ?? . 55?-: ;40: 50
Mean: ':32'-? ?' "32?:;?37; ;:36;:?;: ^■; '_; ??. ^ .^52;. '.'?: :.62 .:: :'50 :?.;42; ?:4L
Vi -À:-:- • " ?. .
Group 2. 2,OOp. IrradigsO .???
9728 ,;isii:v;■ 35? .40 '■ 35? ??.3o:?;" 35 ? 30 : 35 ' ' 4 0..:? .30:? ?33': 30
9729 . '25 ..? / 30? ?30 '?:25::.'...:;;25 ?:/:.40"? 35 " : 35; ; 30 3 0 ? 3 0
9730 A y } ' } A 20. 3 0 ;f? 25%? : 25: 4 0 : 35 60 : 4 0 : "30:. .?: 3 0 ?? 40
9731 / A: i/' 3 5 : 30???/.;35; ? 25; ;?30.' ?:".35; .: : :45 ; 70: ; 60 ;??55?; 55
9732 :';.35'?? 3 0 ;::?-3 0 .,'; 3 0  ??;.?30 3 0 35: ?: 30 ;30::; :.35 :- :3 0
9733 25 3 0 ; 3 0 . 30: ?. 3 0 - ?;35 ? ;'.35 5 0 . 4 0 ? 40 45
9734 i/'i '?45 ; 30 30 : 3 0  , 40 35 ?. ;50 , 5 0 .??.35'?; ; 40 35
9512 : ; M'v :"50;?;.;. 60 ??40?=;; :40? ? 50:???45 .;■ 60 .. ;?55 4 0 :;'?45:? 55
9736; ;■: ;;; 35'?;;;?35:-; 3 0 ' 3 0 5 0 ::?;.: 35/ ; 35 60 .. 40 :. 35 40
9737; ?95; ,,;35:;;;;?:35? - 30 4 0 3 0  . ' 4 0 40 ;,"?35.?.::.,V50?:' 35
Mean ';.3.4;?-;3 .5:? ?v'3+' 3 0 37 35' :'?' 43: : : 47 ':?37? \,58? ; 40
Group 3 V (1 ,0 0 0  ! 1 ,0 0 0  i r r a d i a t e d  i a r v a e )
9758 :1st;? 20 : 3 0? ;;.;25;.?' 30 ;??30.:. ;. 30 30 45 ? 25 30 30
9739? 30 35:?..??3C?. ? 30" 30 30 40 .45. 40 ? 40: 35
9740;?/V/..'? ' ?25;;; :?25;":..'30:;? 30 30 35 40 50 50 : 45 50
9741? /A/; : ; 25 50. .35, ; 40 :'";'50::. 35 50 55 40 45 : 45
9802:: ?:?35? 3 5'?:.?35'": 35 ?:?35;;:?;?:35;;;. ?: 35 45 40 40 45
9743 0 30 30 30 30 45 ?;;35 35 50 35 . ? 30 40
9744" ..I"'' 30 :30 ,40 35 35 ; 40 ? 50 ? 45 50 40 40
9746 :M: ?;: .30;. 35 ..30:. .? .,30 .;' 30 35 . 50 60 50 40 30
9839 :?E:?? 35?' 50 ?: 3,5 40 65 40 ; 50 50 40 45 ; 50
9843 ■.??:■: . 3 0 ;; ;:;40 30 ' 30 :'? 40 30; 40 ? ?:5o ? 50 50  : . 50
Mean ? :;.:?29 ;,;??3/:'.';.:32?; ;-?':33.? 39 35 ? 42 5 0 .: ?;4 2 ? ;?m 42
■7
270, In d iv id u a l  and group mean
26 28 30 32 35 37 39 42 46 49 ■ 51 54
J>LL. è l l . <13/1 15/1 17/1 20/1 24/1 27/1 29/1
Group 1 . (1 ,000  % 4 ,000  i r r a d i a t e d  l a r v a e ) .
3^ 5 30 30 35 30 40 40 2nd. 45 50 40 50
35 40 45 40 35 40 40 50 55 40 45
40 40 45 40 35 40 30 V 40 55 45 50
30 40 45 45 40 40 35 A 35 40 40 50
30 40 35 30 35 35 35 c 40 55 40 40
40 50 50 40 40 45 45 G 45 60 ' 65 60
40 45 50 40 40 45 35 . .■1 35 40 45 45
45 35 40 35 45 55 50 N 55 45 55 60
40 40 40 45 40 45 45 E 50 . 45 45 50
50 . 40 35 40 35 35 30 40 45 40 45
39 40 42 40 38 42 39 44 49 46 50
Troup 2. (1 ,000 t 2^000 i r r a d i a t e d  l a r v a e ) .
35 40 35 35 45 40 40 2nd. 40 . 45 30 40
20 25 12 30 30 35 30 30 35 30 35
30 40 30 30 35 40 35, V 35 35 40 45
45 45 30 35 40 40 . 35 A. 35 35 . 40 • 40
30 25 30 30 35 40 40 C 40 40 40 45
30 40 35 30 40 40 40 0 45 45 35 40
40 40 40 30 35 40 35 I 40 45 , 50 50
45 50 50 40 45 40 35 N .35 45 : 35 50
35 40 45 40 45 45 40 E 40 45 40 40
30 40 40 40 45 40 35 40 40 60 45
34 39 35 34 40 40 37 38 41 39 43
Group 3* (1 ,000 : 1 ,000 i r r a d i a t e d l a r v a e )•
35 30 50 40 30 35 30 2nd* 35 35 30 40
30 30 40 35 40 45 50 45 45 40 40
40 50 45 45 45 45 40 V 40 35 40 40
25 30 35 35 40 50 40 A 40 50 50 50
50 50 55 45 55 60 45 0 35 35 35 45
25 35 30 30 40 45 40 G 45 40 40 35
35 35 40 40 50 50 45 I 50 ^ 70 35 45
25 45 30 30 40 45 30 1\T 40 , 50 35 45
60 40 45 45 50 60 60 E 60 60 45 50
45 55 40 40 45 50 45 45 50 50 45
36 40 41 39 44 49 43 44 47 40 44
r e s p i r a t o r y  r a t e s  ( co n tin u ed ) 271
5 /2  7 /2  1 1 /2L: ]L4/2 2 jig/:) _28Z.2   3 /3  7 /3  10 /3
30
55 45
50
45
65 6050
70
50 50
45 40
51
70
6040
45
60 45
70
40
45
47
40
59:45
40
6045
95 110 
75 55 40 45
48
272. In d iv id u a l  and group mean
92 93 94 97 101 105 108 112 , 114 116 .119
13/3 1 4 /5  17 /3  21/3 25/5 28/5 1 /4
Group 1. (1,000 s 4,000 Irradiated larvae).
25 0 30 40 30 35 25 ^ 25 30 35 30
40 H 40 . 40 30 35 35 30 30 35 - 35
40 A 40 45 50 45 35,. 40 40 30 35
40 L 40 40 45 40 30 40 50 30 30
50 L 50 55 45 60 40 40 45 35 40
40 E 50 55 60 60 50 45 50 45 45
40 N . 45 50 50 50 35 .45 45 40 : 35
35 a 40 40 45 50 40 45 45 35 30
40 E 45 50 45 45 40 40 30 4 45 30
55 45 40 45 45 40 35 40 40 30
41 43 46 45 47 37 39 ,• 41 ' 37 34
Iroup 2. (1 ,000 : 2 ,000 i r r a d i a t e d  la rv a e ) •
B «8D BV 4tï3 DB ktO <
35 C 35 40 40 45 40 50 55 30.: 35
45 H 40 40 45 - 25 40 50 35 30
40 A 35 30 40 — 35 40 45 ■ 45 30
45 L 45 40 40 40 40 , 40 45 30
40 Jj 40 45 50 — 50 45 : 50 35 35
40 E 40 45 45 — 40 40 45 , 35 30
50 E 45 40 45 - 50 50 45 30 35
35 0 40 40 40 "  ' 25 30 35 : 40 30
40 E 45 50 45 40 - 40 40 : 45 35 30
40 50 50 45 45 40 40 , 40 35 35
41 42 42 44 ■ "" 39 42 45 37 32
Group 3 . (1 ,000 Î 1 ,000  i r r a d i a t e d  la rv a e ) *
30 G 40 45 45 45 35 40 ■ 40 45 -  45
40 H 45 50 40 35 45 40 35 35 35
40 A 40 40 40 40 35 30 30 40 40
35 L 35 35 35 35 30 35 40 30 40
30 1 30 35 35 35 35 35 30 35 : 30
50 E 45 45 50 60 45 45 50 40 40
35 E 45 50 40 35 30 40 , 55 30 45
40 G 45 50 45 40 25 30 25 40 30
.40 ■ E 40 60 55 50 55 50 50 40 35
50 40 45 45 45 30 30 30 30 30
39 41 46 43 42 37 38 39 . 37 37
re s p ira to ry :  r a t e s  . 273.
121 . 123 . 1 2 5 ’ 126 '
I W 4, " 1 2 /4 - 1 4 /4 ' 1 5 /4 :  ' ^ ' 4 :  " ..
: .35 40 :
3 5 :-40 -:'440::;:’
45 ; ' 40 : : 45 .?
45 35 . 40 ’ : - : : '
; 55 :v35;.: ' y 40 : : ; -’I : . , . . ’: .'
\50' 35 4P .. 1 4  V
50 ' 45 50 . ..E - '.. .:....".:y
45 , 50 : 45 y:
50 : , 50, 45:
:50: X. ,'50 : : 45:,;
'42 : - 43.’?
50 40-.
r-'vy-
4 5 '’
4 40 40 35
55 35 . . . 3 .0 .. . : y.
55 , : 40 35 . :v .  i . \
40 40 . . '3 0 ,y : .:y :: :'.
45 , ' v 40 4 5 .,..:.:-'M.-y :y .y: -  'y..y. -^'
40 ■ ' .35 : ■ 4 0  . y "'..B........ '.. . ; . ...
: .40 .. 25 ; : 3 0 . .... .: y y® . . . .:40 / 50' :,f'.;35'’:.
45 C. 45 '\ 40... ’.
X ;: '% .. 39 : :: .3 7 .:.:
'45 40 : 40 ;
45 35 - ' 3 5 :.
40 35 , : ; 40. : : - K  ' y
50 . -. .3.5 50 . .. . .J. ..
, 40 . 30  ;,. 30 '■ ...':i.y' y -
.: 45: : . 40 -45:,: ....■v:ly.4 - y . . , . . ’.' y .'4
50 50 50’ : : . ]B4 4 4 4 '  ' ' ' .
: 40 ,.y : 50 40 y'"D.. :4 .4 4  .'.. '.
4 50 . . . 60 .."':::50.:'’.
j -  35 ' ■ 35 ,.' : ;3 5
: :<4i:y '?'.':42y,
I n d iv id u a l  and group mean r e s p i r a t o r y  r a t e s .
C a lf 
number 0 0
-  Day o f  Experim ent 
4 7 9 11 .
D ate -
9 /12  9 /12  11 /12  13 /12  16 /12  18 /12  20/12
_14__,
23/12
,_17__.
2 6 /1 2
_19__,
28/12
Group 4 . (1 ,000 i r r a d i a t e d  l a r v a e ) .
9036 30 35 30 3.5 35 : 30 .• 35 50 40
9842 ¥ 30 30 30 35 35 35 35 35 40
9834 yA 25 25 25 30 25 25 25 45 30
9833 : 30 25 25 25 35 30 300 40 35
9763 n 35 20 25 , . 25"'\ " 30 35 30 30 30
9831 T 25 30 25 30 30 30 35 45 359832 25 30 30 30 30 35 ■ 40 45 35
9830 30 30 30 30, 40 30 40 60 30
9829 30 30 30 35 45 > 35 50 50 35
9828 30 . 25 ; 35 35 : 45 y , 30 40 55 60
Mean 29 • 29 29 31 ■ ; 3,5':, 32 4  36 / 45. 37
', Group 5A* (10 ,000  norm al la rv a e  c h a lle n g e  c o n tro ls ) 1 .  : .
9912 25 25 30 35 25 35 30 35 30
9913 35 35 35 30 35 35 . 40 40 40
9514 . »  ^ 30 30 35 35 30 30 35 40 40
9821 ‘ 35 30 4P 30 : : 30 35 : 35 40. 35
9819 “ 25 30 25 35 ; 30 30 ; 35 ■ \ 35 30
Mean 30 30 32 32 30 : '3 .2 '' 3 5 ' 37 - 35.4
Group 5B. ( 5,000 norm al la rv a e  c h a lle n g e  c o n t r o l s ) .
9911 ; 25 ■ : 25 25 20 . 25 25 30 35 '■
9818 ■<w ■ ' 35 -  30 25 25 25 ■ 35 : 35 ; 35
9817 — 30 30 30 30 , 30 25 35 50
9916. :■ am 25 • 25 ? 20 . 25 4 . 30 " ,0- 35 4 35
9914 35 -  30 30 30 30 3 5 , 40 45
Mean 30 28 27 25 27 3,0 . ■ 35 40
I n d iv id u a l  and Group Mean
1  #1|T
C a lf Bay o f  E xnerim ent «
lujnber 22_____ 2 4 _ ,_ g6^ __^_32 __________ __37__,___39__^_46__
-D a te -
31 /12 2 /1 4 /1 6 /1 8 /1 ”W i 13 /1 15 /1 : 1 7 /1 24/1
Group 4* (1 ,000, ; i r r a d i a t e d  l a r v a e ) .
9636 40 40 40 30 30 30 40 40 , .3,5 , 40
9642 40 45 40 40 45 45 45 50 : 55 50
9834 35 35 30 35 30 30 35 40 30 40 .
9833 30 25 25 40 40 40 45 65 ' ' 55 40
9763 : 30 30 30 30 35 30 40 40 35 25.
9831 30 35 30 40 '35 35 40 60 55 50
9832 40 35 40 45 40 45 40 45 . 40 45
983Q 35 35 30 30 . ' 4 0 40 40 40 30 30
9829 • 50 110 55 45 35 35 40 60 45 50
9828 50 ■50 55 40 50 55 45 60 . 60 55
Mean 38 44 37 37 38 39 41 50 44 43
Group 3A, (10 ,000 norm al la rv a e c h a lle n g e c o n t r o l s ) .
9912 40 40 35 35 40 , 40 35 45 40
9913 35 35 40 45 - 45 45 3 5 40 45
9514 40 . 40 45 . 40 50 50 45 . 45 ' 45
9821 40 35 35 40 - 40 50 40  ^ 55 . 55
.9819 35 40 35 40 35 ' 40 35 ; 30 ,30
Mean, 38 38 38 40 45 45 38 43 43
Group 5B, (5 ,000 norm al la rv a e  c h a lle n g e  c o n t r o l s ) .
T9, «rw W
9911 35 35 30 35 35 35 ; 45 40 ; 45 : .45
9818 35 40 35 40 40 40 45 40 • :4o 40
9817 45 40 45 35 40 40 50 . 45 ' 45 40
9916 35 40 45 . 45 : 55, 45 50. . 50 , 60 65..
9914 40. 45 45 45. 45 50 30 50 ; 50 . 50
Mean 38 40: 38 40 43 42 - 46 : 45 ■ ■ 48 / ■ '48:,
R e s p ira to ry  R a tes  (c o n tin u e d ) .
49 51 ;  54 ' 57 59 : 63 :-66 70 , 4 77
27/1 ? 29/1 5 /2 7 /2 1 1 /2 1 4 /2 1 8 /2 22/2 25/2
40 . ' 40 40 45 ■. 40 40 ; . .6 0  . 45 40
55 40 : 40 35- 30 : 45 60 .' . 40 :3 5 45
40 30 " 3 5 40 . 30 : 45 45 40 y 35 40
.35 35 40 40 .. 35 60 50 35 .45 40
25 25 30 35 35 45 40 35 40 : 35
55. 50 , 45 : 40 45 45 4 0 50 '■ .45 4 5
45 . : 40 40 : 40 : 45 60 45 , : 45 / 4 .0 r 45
35 35 . 40 40 : 35 : 45  . 35 40 40 45
60 40 40 40, 40 . : 45 ■ 40 40 ■ ■45 ■ 45
'55 , / 45: \ 45 ^ : 40 : 40 ■ 50 -::55 4.5:./ :  45 . 45
38 40 40 38 ■ .48, 47 ;. 43  : y:42 . ' 43
35 40 3 45 50 45 40 40 40 40 40 :
40 .. 40 50 ■ ■ 50 50 45 50 45 %: '4 0  ' 45
45 .4 .45 ? : 60 60 60 . 40 . : : 40 " 45 4 0  . 35
45:: : \ 40 : 50. 55 : 50 50 50 : 45 50 50
35. : 45 55 60 ;'B:-.35 '. : ' 40 . . 45 : 40 .4 : 4 0 / 40
40 ■ ■ : 42 52 -55 . 48 43 45 43 / '4 0 '  ' 42pvi * V-» „u* IM n
45 40 45 50 40 45 50 .45 '--40
35 45 ' 50 55 . 45 45 . 45 40 45 45
40 .■ - . 40 ' 45 ; V .45 ' : 45 ; 40: : ; 5 0 . 45 .'45 50
60 40 ■ 45 50 45 55 : 70 ; 50 '< 45 ■ : . 50
45. ■ . , ; 45 50 : ' 50 : 50 50 60 . 45 /  50 : 50 4
45 42 47 \ ; 50 45 ■ 47 55 / 45 ■ 45 ' 48
. I n d iv id u a l  and Group Mean'
8 0
2 8 /2
.25.,..
5/?5
...97..
7/3
_90_, 
10 /3
"'Day o f  Experim ent «*
97 _ i01
“ Date “
12/3  1 3 /T "  1 4 /3  17 /3  . .. 21/3
105
25/
Mean
Mean
Mean
Group 4» (1 ,000 : i r r a d i a t e d  l a r v a e ) .
45 40 40 35 30 30 40  ^ 50 80
50 40 40 40 40 0 40 40 45. 50
40 40 30 35 40 H : 40 40 40 45
40 40 45 40 35 A ' 35 35 40 45
30 30 40 30 ■ 25 L 25 25 30 . 45
50 50 45 35 30 L 30 35 40 55
50 40 45 . 40 35 E ■; 35 40 : 40 . 45
: 45 45 45 40 35 E 35 30 . 35 40
45 45 40 40 . 40 G . 35 30 ; 35 50
50 45 50 40 . 3.5 E . 35 40 . 45 50
1 45 42 42 38 35 34 36 40 . • 51"
Group 5A. (10 ,000  norm al la rv a e c h a lle n g e c o n t r o l s ) .
■■ 45 45 35 35 40 0H. 35 50 50 60
40 40 30 30 ■ 35 A ■ 30 40 . 45 60
40 40 30 30 35 . L . 25 30 . 35 65
45 45 40 40 45 ' Jj 45 50 ,5 0 55
40 40 25 30 30 E'M 30 30 30 65
L 42 42 32 33 37 33 . 40 42 61
Group 5B = 5,000 norm al la rv a e  c h a lle n g e  c o n t r o l s ) .
55 45 45 45 45 0 45 40 45 60
45 45 40 45 40 . . .  . H .. r , . 45 40 ' 45' 55
45 30 45 40 45 A 40 30 40 65
60 45 40 45 40 L 45 40 40 65
45 35 40 40 '■ 40 E 40 25 30 50
L ; 50 40 . 42 43 42 EH ■ :. 43 35 40 , 59
___ : __
R e s p ira to ry  Rates. ( c o n tin u e d )
«WTTIWIIJ t CSl'.'tSSTiM,
108 1X2 _114_._;_^116_ 119 ; . 121 125 7 12i
28/3 : V 4 /3 / 4  4 5 /4 8 /4 10/4 12 /4 1 4 /4 15/
55 55 60 ; : 50 ,4 5 80 65 ■ 80'7'%_
55 55 50 35 30 60 75 60
50 60 70 100 70 75 80 ■ 65  7 1C
50 70 90 70 100 80 80 E90 7.:\. ■ 1.
40 55 . 75 70 100 60 65 60 L
70 75 ,70 80 90 75 85 70 : L
50 50 50 : 70 ■. 60 70 60 . ; : .'-50' _ : :k
40 45 50 60 . 50 : 75 60 55 D
65 ' 60 55 55 55 80 65 65
4 0 . ' 50., 50 60 50 70 70 70
52 ' 58 62 : 65 65 ,73;. , 71 67
60 60 : ' 60 70, 70 50 55 60 %
70 ' 85% : 90 110 100 -.80-/' ,80 7 7 90 • I
70 ■ 65 70 70 ,, 80 : 75 70 70 Ii
5 0 , 75 80 100 90 60 75 70 E
80 85 90 :. 110 110 : 9 0 /  / 90 70 E
66 74 78 92 90 : -, 71 68 72 D
55 70 80 , 120 110 90 , 90 . 7 K
50 ■ 50 60 r ' 8 0 / : 100 -5? 757 65 70 , I
50 50 55 80 65 70 65 , 65 ■ Jj
70 80 . 80 90 60 75 70 . 70 . l i
50 70 80 : '.110; 110 95 90 80 . E.
55 .64 . 71 96 . ’ 93 81 76 74 D
:ur#iwMTnKr!r»
279.
In d iv id u a l  and group;
O alf
number
Day o f  B:
0 0 2 :' 4 7 11 14 17
Date -  / ' .
Group 6. ( l a r v a l  c o n t ro ls  f o r  v acc in e  used  on Day. 0 )#
51 25 30 : 25 30 35 35 35 40
52 Dosed 25 40 30 30 50 30 35 40
y:55 4,000 35 30 20 30 : 45 35 33', , <60
54. Normal ^5 .35. 35 35 .7 25 ' 35 30 /7 :5 5
.55' - ' la rv a e 35 30 25 . . 95 ■ ' 25 // 'Z S .-: ./ 25 Y.35
Mean 31 33 27 30 32 32 32 : 46
Group 7 ( l a r v a l  c o n t ro ls  f o r  v acc in e  used  on Day 4
59 35 30 30 25 25 25 35 ÿ"35
60 30 25 30 30 30 30 25 . 35
61 - 25 25 25 7 257" 20 . /25 ,% 30 7
62 25 30 25 25 30 30 25 . 40
Mean 29 28 : 28 26 26 ...'28- 29 36
tm'jpmnereti^
2 8 0 ,
mean r e s p i r a to r y  r a t e s
19 . _22_, _26___28__ _3 0 _ ._32____35___37_ 39# #Aa AW tw* »# m 42 46 49
:8 /i2 31 /12  2 /1  4 /1 6 /1 8 /1  10 /1  1 3 /1  15 /1  1 7 /1 20/1 24/1  27/1
40 V 40 40 40 60 90 70 60' 65 . : 60 70
40 50 45 45 : 50 50 60 70 70 80 : 70 70
60 50. 55 60 55 70 765 70 70 60 60 70
55 50 45 45 40 50 : 55 65 100 90 — 50-, 40
50 45 40 40 30 35 35 35 55 60 60 - 55
.49 47 45 46 47 57 71 71 62- 61
35' 40 40 35 35 30 . . 40 40 35 Dosed 35 . .40
50 45 40 35 40 40 45 ' 45 40 40 4,000 40 45
35 35 40 40 40 35, , 35 40 35 35 Normal 35 40
40 35 35 30 35 30 35 30 30 30 Larvae. 35 40
40 39 39 35 38, 34 36 39. 36 35 36 741 .
W I, BW
281.
In d iv id u a l  and group
§14#» fc-J* Æë# *W W# P*i.,54_ _ 6 3 _66___ 70 74 __ 77___ _80__ 83McM AM OHAfleû «KAb C&4 DV0 Cp;9
5/2 _7Z&_ 11/ 2 J14/2 22/2 28/2  3/3
Group 6. ( l a r v a l c o n t ro ls  f o r vac c i ,ne used  on Day 0 ) .
45 60 60 60 K
55 60 65 60 I
L
L: 70 60 65 80
» . 65 65 60 E 
, D45 60 70 80
, 54 61 65 68
■Group 7. ( l a r v a l c o n tro ls  f o r v ac c in e  used  on Day 42) , '
35 35 40 35 45 50 50 60 80 100 75
. 45 45 40 40 45 50 50 55 80 65 70
7 45 ■ 35 40 40 45 70 80 80 90 80 75
.' 40 35 35 40 . 40 50 70 80 110 110 95
41 38 39 , 39 44 55 63 69 90 89 79
fÆV »-sJM!?fsçeK>¥œ==riu« a. »*3**At*KKKA^4K:ae:^fLCM#
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mean r e s p i r a t o r y  r a t e s  (co n tin u e d )
87 : 90 92 94 97 101 101
. 1 1 3 1 0 / y 12/? 14/? 17/1... 21/? ’ 21/3: : ■
65 70 70 75 65 60
65 70 ; 65 ;60 /  50
70 70 60 : 65 70 : 70
90 80 80 ■ 70 : 65 80
73 71 70 '■ 69 65 . 6 5
K
X
L
L
D
p r o t o c  0 1 B
■f 0 r
Experim ent 7 ,
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C alf W eightB
»S‘FTj'#i46aUï< *
Day of 7
Experiment
Date
VACCINATES
6
:  7
8
,
10
1
128
128
112
119
148
72 100
30 /8  10 /11  In d iv id u a l  Gains on 8 /1 2
p re v io u s  W eight.
206
l66
176
170
2Ô4
+ 78
+ 38
4" 64
+  51
+ 56
Group g a ih  on p re v io u s  w elght+  287
T o ta l Group Gain
In d iv id u a l  
G ains on 
P rev io u s  
Weight
217
183
193
190
222
t 11
t  17 
+ 17 
+ 20 
+ 18 
+ 83 
+370
1
2
3
4
5
131
161
173
171
230
229
+
+
40
69
56
173: (188) Dead 7/11
134 190 + 3^
Group g a in  .on p re v io u s  w eight+  221
T o ta l Group Gain
128
262
236
198
+ 32
+ 9
+'"' 8 
+ 6 
+227
284.
i n  pounds,
Group P ercen tag e  Weight Gains
Group w eight on Day 1 = 635 Ih s  % ',
Group w eight on Day ,72 =  922: ^  g a in  from  Day 1-72  = 4 5 .2 #
Group w eigh t on Day 100== 1005: #  g a in  from  Day 72^100 = 9 .0 #
#  Group w eight g a in  o v er th e  100 days = 58 .2#
Group (4 s u rv iv o r s )  w eigh t on Day 1  . '=  599 lb s .
Group. (4 s u rv iv o rs )  w e ig h t bn Day 72 -  820 l b s .
#  g a in  from  Day 1 to  Day 72 = 3 6 .7 #
Group i(;4 isu rv iv o rs) w eigh t on Day 100 = 826 l b s .
#  g a in  from  Day 72 to  Day 100 = o . 7#
#, Group (4 s u r v iv o r s ) w eiglit g a in  over th e  100 days =. 3 7 .9 #
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F aec a l L a rv a l O utputs
Day o f  
Experim ent ■ 1 24 31 31- 51 - : - 5 5 7 '' 'C . y ; :  '-
Date 3 0 / 8 : 23/9 30 /9
..................
30 /9 20/10 20/10 y / ^ V i O / '  . / / - - 7 /
VA0ÔINATE8*#*$##«. a«
- -, : - ■
'/  % 6 1 s t -v e 2 # : -v e ALL -v e ■ rVe-' : y  ... '
: 7 -ve. - —ve 7 CALVES -  ve
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and- T o ta l  ' Worm Count a
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28 Y.
RESPIRATORY HATES
UM. 1 . . ....... .
Day o f  
Experim ent
Date
1
3 0 / 8
19
18/9
24
23/9
31
30 /9
31
30 /9
39
8/10
41
10/10
45
14/10
VACCINATES
6 43 35 35 55 55 501 s t 2nd .
7 60 70 60 55 .50 50 ,
DOSE DOSE
8 25 30 30 50 50 65VACciim VACCINE
_ ■. 9 40 60 50 60 70 70
10 25 40 40 70 45 65
CONTROLS
1 30 30 35 35 30 35
2 35 30 35 ' '557 40 45
3 40 30 35 45 50 55
4 35 40 40 40 35 35
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for
? Experiment 8
290 .
, Comparative measurements of normal and 
irradiated female D. vivinarus larvae re­
covered from tile lungs of four respective 
calves at nine and 17 days after infection 
with 1,000 larvae.
N O R  M A L X r- I R R A D I A T E D
Age Total Length of Age Total Length oflength oesophagus . length oesophagus
xn in in in
millimetres .millimetres. millimetres millimetres.
i . '4 8 1 .4 0
1 .6 4 0 .9 8
1 .6 2 1 .4 8
9 1 .5 0 9 1 .1 2
; 1 .9 0  . 1 .3 0
days 1 .5 4 days 0 .9 2
' 1 .8 6 0 .8 4
1 .6 4  . 0 . 9 2
1 .6 0 1.48
1.70 1 .2 0
Mean 1 .6 5  ± 0 .13 Mean 1.16 ~ 0.23
1 6 .0  , 0.58 4 .6 4 0 .40
1 5 .0  ' 0 .5 6 3 .94 0 .44
17 1 5 .0  
. ; 1 0 .5
0 ,5 5
0 .4 8
17 ■ 4 .3 0  ■ 
. ' 4 .0
0 .3 8
0 .34
days 1 4 .0 0 .5 6 days 4 .9 0 0 .3 8
1 3 .5 0 .4 8 3 .9 0 0 .3 6  ■
1 0 .5 0 .6 0 3 .9 0  , , 0.38 /
1 4 .5 0.58 4 .6 4 . 0 .40
. Mean 1 3.6 + 1 • 95 0 .5 5  ± 0.04 Mean 4 .30  ± 1 .1 4 0.39 ± 0 .0 8
p r  b t  d  c o 1 s
for
Experiment 11.
-x-Gommenoing * Table 3 ’ 5 Tables 1 and 2 are incorporated in the text .
TABLE 3 " Respiratory Rates per M inute of the C a lves in  Group 2
Day Calf Number Mean 8 .D .
53 48 61 46 50 59
1 35 40 25 20 30 40 . 32 8.17
2 25 45 35 25 35 40 34 8.01
3 40 40 35 35 35 30 36 3.76
4 35 35 35 25 30 40 33 5.17
5 45 . 40 30 25 30 40 35 7.74
6 35 35 35 30 30 35 33 2.60
7 50 45 50 35 40 50 45 6.32
3 50 30 40 35 35 45 39 7.36
9 50 40 35 30 35 50 40 8.36
10 35 35 40 50 30 50 40 8.36
11 50 35 40 50 40 40 43 6.14
12 50 40 50 40 30 40 42 7.53
13 40 60 60 40 40 50 48 9.83
14 ■ 45 70 60 60 45 70 58 11.26
15 90 50 60 75 50 70 66 15.53
16 100 75 60 80 60 70 74 18,85
17 90 55 50 70 60 70 66 14.29
18 85 70 50 90 55 110 77 22.73
19 90 70 50 100 55 105 78 23.37
20 100 80 60 110 50 130 88 22,77
21 30 70 60 100 55 120 83 25.25
22 90 90 60 90 55 130 86 26.91
23 105 100 70 110 50 115 92 25.82
24 105 80 80 100 60 140 93 30.28
25 100 90 80 90 60 130 92 23.14
26 90 85 70 120 65 130) 93 26.39
27 100 110 80 90 70 130 97 21,6
28 100 130 . 80 90 80 130 102 23.17
29 110 110 65 100 90 115 98 21.13
30 90 90 90 90 90 130 97 15.33
31 90 85 100 70 100 100 91 12.01
32 120 no 70 100 80 no 98 19.41
33 90 115 100 100 75 120 100 16.55
34 110 100 80 80 65 100 89 16.86
35 110 100 80 100 75 no 96 14.97
36 90 120 105 75 65 no 94 21.31
TABLE 4 “ Respiratory Rates per Minute of the C alves in  Group 3
Day C alf Humber Mfeaa ' S. D.
62 53 ' 52 49 51 47
1 45 30 25 30 30 50 35 10.0
2 40 25 20 40 30 40 33 8.82
3 40 30 25 35 45 35 35 7.07
4 35 30 25 30 50 35 24 8.61
5 40 30 20 40 50 30 \  35 10 .49
6 45 40 30 35 40 35 38 5.27
7 55 30 35 40 45 35 40 8.94
8 35 ? 30 35 40 40 30 35 4.47
, 9 35 30 50 35 40 50 40 8.36
10 50 40 30 40 40 40 40 6-32
11 50 35 35 45 55 55 46 9.17
12 55 30 30 50 40 50 43 10.85
13 60 50 50 60 50 60 55 5.47
14 60 50 45 80 55 90 63 17 .80
15 90 50 50 110 70 80 75 ,23.45
16 70 60 45 105 80 80 73 20.41
17 80 50 50 110 70 100 77 25.03
18 75 60 40 120 80 100 79 28.36
19 85 70 60 120 80 120 89 25.32
20 120 70 60 140 105 110 101 30.73
21 95 65 70 70 100 110 85 18.97
. 22 90 55 80 120 100 130 , 96 15.3
23 100 65 90 100 120 130 101 22.9
24 100 80 50 140 120 130 103 33.9
25 100 65 70 110 130 110 98 23.0
26 110 65 70 110 120 120 99 24.9,
27 110 70 100 130 130 130 112 24.02
28 90 76 100 130 130 120 108 23.5
29 90 80 90 120 120 130 105 20.7
30 110 80 80 120 110 120 105 20.7
31 110 70 65 120 110 130 101 26.9
32 110 30 80 125 110 130 106 21.5
33 120 75 90 130 130 130 113 24.0
34 120 130 90 130 120 130 120 15.49
35 130 90 80 130 130 130 115 23.4
36 125 70 70 140 100 120 104 29.4
295 .
TABLE 5 -  Body \V eight of C alves in Group I ,
Day C alf Number Mean 8 .D .
57 55 56 45 54 60
1 ill 134 122 103 122 88 113 15.32
4 116 140 125 no 133 92 119 17.28
8 119 144 128 112 135 94 122 16.79
11 127 150 132 115 140 95 126 19.45
15 127 154 137 128 144 98 131 19.23
18 122 150 140 124 146 96 130 20.05
2Z 135 159 148 127 151 102 137 20.64
25 134 162 150 136 156 106 141 2.0.32
29 131 172 154 152 165 111 148 27.31
32 136 176 159 147 169 112 150 23.53
36 130 175 161 154 167 117 151 22.75
Wt*
Increase 29 45 51 39 41 19 37 11,53
294;
TABLE 6 -  Body Weight of Calves in Group 2 .
D ay, C alf Number Mean S.D .
58 48 61 46 50 59
1 136 136 100 114 94 126 118 18,04
4 144 145 106 125 100 125 124 18,67
8 150 ' 146 110 124 104 134 128 18.76
11 154 150 114 125 105 132 130 19.42
IS 156 154 111 125 108 134 131 20,69
18 152 153 120 123 110 136 132 15.66
22 157 155 125 118 120 128 134 17.54
25 162 155 125 126 120 117 134 19.23
29 168 163 127 126 122 120 138 21.77
32 164 157 129 128 119 124 137 18.79
36 168 169 132 130 121 132 142 20.92
W t, 
Increase 32 33 32 16 27 6 24 11
2 95 .
TABLE 7 -  Body W eight of Calves in Group 3
D ay__
62
C alf Humber Mean S.D .-Î-
53 52 49 51 47
i 130 114 110 113 100 103 112 10.56
4 131 120 117 124 115 102 118 9.74
8 132 124 117 128 109 105 119 10.73
11 141 126 128 134 115 108 125 12.14
15 142 131 128 132 118 116 128 9.64
18 144 126 132 122 120 no 126 11,55
22 138 129 138 118 118 115 126 10.45
25 141 13$ 142 157 116 114 134 16.55
29 148 144 142 128 118 114 132 14.40
32 145 142 148 125 123 . 112 133 14.52
36 146 139 159 130 124 121 137 10.98
Wt.
^crease 16 25
rtsm# (Mi> m 1 ■ ..F,i B, wrufc-Mimwii
49 17 24 18 25 12.41
2 9 6 .
TABLE 8 « The Larval Oittput in Faeces of Calves in Croup 2
■ m ' tiu
Day Ca3.f fcuber Mean 8,D,
38 48 61 46 50 59
22 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0
24 0 0 0 0 0 50 8 20
29 0 0 0 0 0 0 0 0
26 0 0 0 0 0 100 17 40
27 0 100 0 0 100 0 33 51
28 50 250 200 50 50 800 233 290
29 50 0 100 250 0 900 217 347
30 50 350 150 0 0 1350 317 523
31 0 450 250 550 100 1750 517 634
32 0 1100 0 800 0 1000 483 435
33 0 500 0 600 0 800 317 359
34 0 100 150 600 50 550 242 240
39 0 0 100 650 250 050 308 359
36 0 50 50 600 50 400 192 247
297
TiUîLE 9 -  The L a r v a l O utput In  F a e c e s  o f  C a lv e s  i n  Group 3
Day Calf Muniher
53 51 47
Mean 8.3
±
22 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0
24 0 0 50 0 0 100 25 42
25 0 0 0 0 100 50 25 42
26 0 0 0 0 0 0 0 0
27 0 0 0 50 0 150 33.3 . 60
28 100 0 350 25 100 300 145.8 145
29 200 100 100 100 0 500 166*6 175
30 200 150 0 100 0 500 168 185
51 300 200 150 900 200 300 341.6 200
32 150 0 50 550 300 850 316.6 328
33 50 0 0 100 0 300 75 117
34 850 0 100 250 250 150 266*6 299
35 100 500 50 300 300 450 283 180
36 100 50 0 650 350 750 317 321
298.
TABLE 10 -  HaemogloMîi V alues i n  gra/100 îïîI .
o f  th e  c a lv e s  i n  Group 1
«T.M I**
Bay
Calf Eumber
55 57
Mean S.B*
60 54 45 56
4 8.4 9.45 9.3 9.3 10.2 9.0 9.27 0.59
8 7.4 8.0 9.1 8.6 8.3 8.0 8.23 0.58
11 7.4 9.6 9.4 10.0 9.7 9.0 9.18 0.93
15 8.4 8.85 9.3 9.0 10.65 9.15 9.22 0.76
18 8.0 9.45 9.75 9.75 9.75 9.9 9.43 0.72
22 8.85 9.3 9.45 9.5 10.0 9.45 9.44 0.38
25 7.4 8.25 8.5 9.15 9.75 8,0 8.52 0,84
29 7.4 8*8 9*45 8*4 9.0 8*3 8.55 0*72
32 7.4 9.0 9.75 9.45 10.3 8.85 9.12 0.99
36 7.8 8.1 9.75 8.7 9.7 8.25 8.71 0.82
299.
TiiBLB 11 -  H aem oglobin V alues i i i  gm./lOO ml
o f  th e  C a lves i n  Croup 2
w i iPa.wi
Das Calf ;Humber Mean S.l).•f58 48 61 46 50 59
4 9.9 10.5 9.45 10.0 9.45
1
9.9 9.86 0.39
8 8.3 10.0 8.0 9.7 8,8 8.0 8.8 0.87
11 9.2 9.5 9.3 10.3 8.6 9.2 9.35 0.55
15 11.5 10.0 9.9 10.9 9.3 9.6 10,2 0.83
18 9.45 9.45 9.0 11.1 9.3 9.6 9.65 0,74
22 10.2 10.9 9.75 10.75 9.75 10.35 10.21 0.40
25 9.15 8.85 9.0 10.0 9.75 10.3 9.5 0.59
29 8,7 8.6 8.8 10.3 9.6 9.7 9.28 0.68
32 9.75 9.75 9.3 9.75 9.9 10.9 9.89 0.53
36 9.3 9.15 9.0 10.3 10,0 ,10.0 9.62 0.54
3 0 0 .
TABLE 12 -  Haem oglobin V alues i n  gm./lOO m l,
o f  th e  C a lves i n  Croup 3
tS«sr«WiZX*Sl.i-SS*inriftr=:iKS*=i.v A W f w » w W K i^ a s w 4 U 4 " w a 4 i# w , ii*j,^Ti>g’Kn,iT-''i*fefo
M I W II I W  If,
j Calf Humber Mean * S.D.
62 53 52 49 51 47
« p a C A -K iJM j«_« ;«3aragw i'% 'Z Z ^«uaa= c* ;33gM  1111. i i , . j# iW IN #W #*. &.iL,»LBw'a.u#*rm< '.k w  « jm w if  urn. i n » r ^ i  imawMA.u##' '*  fP P ^ K .« W n ..:  #w m ..
±
4 1 0 .2 9 .3 9 .7 5 1 0 ,5 1 0 .7 5 9*45 9 .9 9 : 0.58
a 8,6 8.3 8 .8 8.8 9.5 8.8 8.8 0 . 3 9
11 9.2 9.4 9 .7 1 0 .4 9.2 8.3' 9 . 3 6 0 .6 9
15 1 0 .0 9 .0 9 .9 10.35 10 .35 9.9 9 . 2 1 . 0 .2 8
18 9.75 10.0 ' 9 .7 5 1 1 .2  ' 9.75 9 .1 5 9*93 0 ,6 8
22 1 1 .2 1 0 .2 9.9 1 1 .2 10 ,65 1 0 .2 1 0 . 5 5 0 . 5 5
25 1 0 .0 9.9 9.0 11 .35 9.3 9.15 9*78 0 .8 7
29 1 0 .0 9.45 8.8 1 0 .3 9.7 9.7 9.65 0 . 5 1
32 10.3 1 0 .0 9 .4 5 9 .9 a,o.o 9 .9 9 .9 2 0 .2 7
36 9 .7 9 .1 5 9.0 9 .9 9*7 9*45 9.48 0 . 3 5
ttr5ïPRrerCTÉS*it8e*rtTi6î« s w * i? n ,# ! 1 .  JS-JiA .i# *
3 0 1 . .
TME/E 13  The fcm ber o f  heukooytOB p e r
o.mm. o f  Blood o f  th e  C a lv es  t o  Croup 1
Calf Hurabei* a,l).
Day I4ean ±45 54 55 56 57 60
1 1 , 1 5 0 9,750 7 , 2 0 0 9,700 8,450 5 , 6 0 0 0,641 2,000
8 11,200 10,000 7,850 7,500 8,050 5,850 8,308 1,950
11 13,450 10,650 8,050 5,550 7,200 4,850 8 , 2 9 1 3,480
15 1 2 , 1 5 0 10,000 8,950 4,800 8,000 4,200 8 , 0 3 3 3,07o
18 1 3 , 1 5 0 10,550 0 , 4 5 0 6,750 8,450 5,450 8,000 2,740
22 13,850 11,150 9,750 4,900 8,750 5,950 9,058 2,530
2 5 10,850 8,950 8,650 4,800 8,600 7,400 8,208 2,040
29 14,050 9,900 8,200 5,500 9 , 3 0 0 7,200 9 , 0 2 5 2,940
32 11,6-50 9,000 0,000 5,650 7 , 5 5 0 6 , 2 5 0 8,016 2,140
36 9,700 8,500 7 , 4 0 0 4,700 8,100 6,100 7,416 2,200
3 0 2 .
TABLE 14 ^  The Humber o f  L eukocytea p e r
o.mm# o f  Blood o f  th e  C alves i n  Croup 2
Bay
Calf Nimber
Mean
S.D.
46 48 50 59 Si"
4 10,000 6,408 11,850 11,700 4,850 5,900 8,450 3,410
8 10,950 7,800 10,000 10,500 4j500 5,900 8,275 2,540
11 9,700 7,950 10,950 11,400 5,500 6,600 8,650 2,440
15 8,400 7,500 10,550 12,000 6,450 6,000 8,485 2,560
18 7,600 6,600 9,400 11,050 6,950 7,100 8,150 1,710
22 7,600 6,950 9,100 9, 600 7,200 7,600 8,008 1,080
25 6,850 5,950 8,450 6,900 5,300 6,950 6,755 1,060
29 7,750 5,200 10,000 7,700 6,200 7,100 7,342 1,660
32 6,000 4,950 9,600 6,900 6,200 6,500 6,692 1,560
36 5,600 6,500 10,650 7,900 5,100 5,700 6,908 2,010
303
TABLE 15 -  The Humber o f  L eukocy tes p e r
c^mm. o f  Blood o f  th e  C alves i n  Group 3
Day
Oalf Humber
Mean +47 49 51 52 53
4 8^850 6,200 7,900 8,250 7,600 6,700 7,583 935
8 6,000 6,300 7,950 8,200 7,000 6,300 6,958 825
11 6^850 7,700 8,000 7,600 7,900 7,000 7,508 475
15 6,200 7,900 8,300 7,500 8,000 7,350 7,542 740
18 5,850 6,200 8,850 7,050 6,900 . 6,600 7,242 1,090
22 5,700 5,450 7,050 5,500 6,750 7,000 6,242 760
25 6,550 5,800 5,800 4,800 5,250 6,000 5,700 600
29 4,700 5,700 6,950 6,050 7,050 . 6,150 . 6,100 860
32 5,800 .6,100 5,800 5,700 6,150 5,300 5,808 300
36 5,350 5,200 7,300 5,700 6,150 8,000 6,283 1,120
3 04 .
TABLE 16 - Percentage of Eosinophils in 
Differential Cell Count of Calves in Group 1,
Day
Calf Humber Mean
S.D.
i
55 54 56 57 ..45 60
4 0.6 1.0 6.0 0 0 0.75 1.39 1.51
8 4.3 0.6 4.5 1.06 0.25 1.0 1.95 1.92
11 0 0 0 1.5 0 0 0.25 , 0.61
15 1.0 7.75 5.0 2.5 1.25 2.0 3.25 2.6
18 :12.0 6.5 7.3 6.0 4.75 7.31 2.78
22 5.75 6.75 12.5 4.0 2.5 1.5 5.5 3.89
25 9.7 1.0 0.75 0.25 2.5 0.5 2.49 3.64
29 0.75 1.5 0.67 0.75 2.0 1.0 1.11 0.53
32 0.25 1.5 3.5 0.5 0 1.15 1.43
36 1.75 1.75 3.6 0 0.75 0 1-31 1.36
305
TABLE 17 ** P e rc e n ta g e  o f  E o s in o p h ils  i n
D if f e r e n t ia l .  C e l l  Count i n  C alves o f  Group 2
Bay _ Oalf Humber Mean 8.D.
±' 58 48 61 46 50 59
4 0 0.25 0 0.25 0.75 . 1.5 0.45^ 0.58
8 1.25 1.0 1.5 0.25 1.25 1.0 1.04 0,43
11 3.0 2.0 1.5 3.5 0 0 1.6 1.47
15 12.0 5.75 2.6 2.5 5.71 ■ 4.45
18 7.0 9.0 0.75 ' 2.0 5.75 4.9 3.45
22 5.7 9.0 1.25 2.0 11.7 ' 4.25 5.65 4.07
25 9.0 0.75 2.0 6.6 0.5 3.77 3.82
29 5.75 11.0 ■ 2.5 ' 2.25 5.37 4.07
32 5.75 8.0 3.5 3.25 13.75 , 1.75 5.5 4.41
36 8.0 15.5 ■ 4.75 9.0 1.5 2.5 6.87 5.15
3 0 6 .
TABLE IB  l^e rcen tag e  o f  E o s in o p h ils  i n
D i f f e r e n t i a l  C e l l  Goimt o f  O alves i n  Group 3
Day Calf Humber Mean S.D*
62 ' 53_ J52 ..4.9 51 ' 47 1
4 1.0 Ou 0 0 0.8 0 0.3 0.47
8 2.0 1.0 0.5 0 0 0 0.58 0.80
11 1.0 0 0 0.5 0 0 0.25 0.42
15 2.0 0.5 1.0 1.0 3.25 1.0 1.45 1.0
18 5.0 2.7 3.0 2.5 9.0 2.6 4.13 2.56
22 6.7 2.0 3.5 1.25 4.25 1.75 5.24 2.03
25 3.75 2.0 5.75 1.0 5.5 5.2 3.86 1.73
29 7.0 6.0 4.7 0.33 11.0 4.83 4.01
32 1.5 1.5 0 4.5 3.6 2.22 1.81
36 3.5 1.75 4.0 0.25 1.5 5*5 2.2 1.49
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TABLE 19 - Humber of lympho-reticular nodules 
: visible on the pleural surface of the lungs
of each calf, together with the 'lesion score’,
Calf
group
Oalf
number.
Sub-pleural
nodules. Lesion score
1- :
Treated early 
with diethyl- 
carbainâzine.
45
54
55
56
57 
60
60
65
40
25
20
45
0
0
0
1
0
0
. 2 . ■ ; 
Treated later 
with diethyl- 
oarbamaisine.
46
48
50
58
59 
61
1
5
0
0
0
0
5 
10
6 
8
4
6
3.
Untreated
controls
47
49
51
52
53 
62
5
1
0
0
0
0
5 
10
6 
3 
6
9
